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Large Central Aqueous Fuel Reprocessing Plants 
to Service a Number of Power Reactors 
OR 
Small Nonaqueous Pyroprocessing Plants 
Attached to Individual Power 





GENERAL ELECTRIC ENGINEERS are now 


at work on the world’s largest 


all-nuclear power plant for Commonwealth Edison Company of Chicago 


WANTED: Experienced Engineers 


to design and build atomic power equipment 


Think again about your future. You, too, can have a 
part in building the Atomic Industry. Move into the 
field of commercial atomic power now, and you'll be 
on the ground floor of America’s next great industry. 
Within 20 years, over half of all new electric power 
plants under construction will be atomi 

General Electric's Atomic Power Equipment Dept. 
is already at work on the design, development, and 
construction of a complete line of atomic products 
This means that Genera! Electric can offer you a career 


limited only by your own abilities and desires 


If 


you are a graduate Mechanical, Civil, Electrical 


Metallurgical, or Chemical Engineer, investigate a 


care 
Ele« 


css¢ 


er in commercial atomic power with General 
tric. Nuclear experience is desired, but it’s not 


ntial 








FOR MORE INFORMATION, WRITE TO: 
Mr. C. W. Sweeney 
Atomic Power Equipment Department 
General Electric Company 
Schenectady 5, New York 
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HIGH RELIABILITY 
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FREQUENCIES 








FREQUENCY STANDARD 
240 to 800 Cycles 


Type 50C 


+ .02% at — 65° to 85°C 


Type R50C 


t 002% at 15° to 35°C 





PRECISION FORK UNIT 
240 to 800 Cycles 


to 85 co 


Type R50 
002% at 








FREQUENCY STANDARD 
200 to 4000 Cycles 
Type 2003 C 
ze .02 


or 
{0 


Type R 2003 C 

- 002% at 15 
Type W 2003 C 

t 005% at — 65 


at — 65° to 85°C 


to 3° 


to 85°C 





PRECISION FORK UNIT 
200 to 4000 Cycles 
Type 2003 
+ 


- 02% 


2% at — 65° to 85°C 


Type R 2003 


+ 002% at 15° to 35°C 


Type W 2003 
t .005% at — 65° to 85°C 








FREQUENCY STANDARD 
200 to 2000 Cycles 
Sub-miniature Tube 
Type 2007 
S 02% at — 65 
Type R 2007 
+ .002% at 
Type W 2007 


- 005 % at — 65 


15 


to 85°C 


to 35°C 








to BS C 


FREQUENCY STANDARD 
240 to 1000 Cycles 
Transistorized 
2007 T 
02% at — 65° to 85°C 
R 2007 T 
002% at 
W 2007 T 
005% at — 65° to 85°C 


Type 


Type 
! ag 35°C 


Type 
= 








FREQUENCY STANDARD 
200 to 3000 Cycles 


Type 2001-2 
+ .001% at 20° to 30°C 


WHEN REQUESTING 
INFORMATION 
PLEASE SPECIFY 
TYPE NUMBER 














26 o1 15 oz. av 


ACCESSORY UNITS 
for Type 2001-2 
L—for low frequencies, 
multi-vibrator type, 40-200 cy, 
D—for low frequencies, 
counter type, 40-200 cy 
H—for high freqs., up to 20 KC 
M—Power Amplifier, 2W output 


P—Power Supply 
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New York-36,N. Y. 
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for SAFE HANDLING 


of radioactive materials... 


e Blickman-Built stainless steel laboratory equip- 
ment is designed for the safe handling of radio- 
active materials and other hazardous substances 
Smooth, polished surfaces, generously rounded cor- 
ners and crevice-free construction assure ease of 
cleaning and decontamination. Basic designs con- 
form to approved current techniques adopted by 
Government laboratories and other research cen- 


ters. Variations of all standard equipment can be 


designed to meet special requirements 


a J" 


Shei 


Above: LOW INTENSITY DRY BOX — Designed for the safe 
hondling of radioactive materials. Also useful for work with 
bacteria, viruses and other hazardous substances. Other types of 
enclosures available include vacuum dry boxes, biological safety 
cabinets and research enclosures, and a complete interchangeable 


dry box system 


Right: LOS ALAMOS TYPE FUME HOOD — Designed for han- 
dling of radioactive materials. Stainless steel hood construction, 
available in 4’, 8’ and 16’ lengths. Vertically-rising door controls 
air intake. Hood has built-in stainless steel sink and enamelled 
cabinet base for storage. Duct system is attached to rear of hood. 
Other types of hoods and vacuum rack enclosures available. 


+ DRY RADIOACTIVE 
WASTE CONTAINER 
For safe, temporary stor 
age of radioactive waste 
Pressure on foot lever 
rotates cover segment in 
its own plane, with virtu 
ally no air disturbance; 
closes automatically when 
pressure is released. Inner 
and outer pails of all 
welded, stainless steel! 
construction. Seamless sur- 
faces and rounded cor 
ners facilitate cleaning SEND FOR BOOKLET 
and decontemination. “A Typical Radio-Chemical Laboratory” and for 


technical bulletins about specific equipment 


S. BLICKMAN, INC. 7902 Gregory Avenue, Weehawken, N. J. 


. e 
Blickman-Built ‘FUME HOODS SEMI-HOT FUME HOODS ENCLOSURES 
DRY 6OXES LABORATORY TABLES SHELVING 
ass sveet ANIMAL CAGES ORY WASTE CONTAINERS CABINETS 
STAINLE PROCESS UNITS LIQUID WASTE CONTAINERS CASEWORK 
LABORATORY EQUIPMENT PEG BOARDS LABORATORY STOOLS TRAYS 
STAINLESS STEEL SINK UNITS 
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Creep tests under way in Inco’s Research 
Laboratory. Here specimens of heat- 


resisting alloys are held under constant 
load at temperatures up to 2100°F, 


Is high-temperature performance 
your problem? 


Inconel may be the answer... 


If you are looking for an alloy to withstand high tem- 
peratures and certain corrosive environments for long 
periods without excessive deterioration, Inconel may be 
just what you need, 

Inconel is a wrought nickel-chromium-iron alloy with 
high creep strength and stress-rupture strength, It re- 
tains useful properties in many services at temperatures 
up to 2100°F. It is not subject to growth at elevated 
temperatures, It is also used in many applications 


where satisfactory resistance to thermal shock 18 
necessary due to repeated cycling between high and 
low temperatures, 

Inconel is structurally stable and has exceptional 


resistance to corrosion and oxidation 


The alloy is easily formed mat hined and welded, 
and is available in all commere ial wrought forms. It 
finds many important applications in chemical plants, 


atomic energy plants and in the petrochemical heat 
treating and aeronautical industries where a combina- 
lion ol good mech inical properties and resistance to 


high temperature Corrosion 18 necessary. 


Complete information as to properties, fabrication 
and forms of this alfoy is contained in Ince 
Bulletin T-7 


It is yours 


s 24-page 
‘Engineering Properties of 


for the asking 


Ine onel.’ 


Remember, too, that ready help on your high- 
temperature equipment problems can be obtained 


Tex hnic al 


Just write, stating full details. 


without cost or obligation from Inco’s 


Service Section 


THE INTERNATIONAL NICKEL COMPANY, INC. 


67 Wall Street New York 5, N. Y. 


NCO, Nickel Alloys 


Teact ma 


. . » for long life at high temperatures 
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pulse pumps 


successfully extracting Thorium in vertical columns 


Amplitude and speed of pulse controllable. 
Up to 4% gal. per stroke, 70 strokes 

per min. Corrosion and abrasion resistant. 
No packing troubles. Discuss your pulsing 
problems with our engineers. 


Other Philadelphia Pumps available 
for charging, hydrostatic testing, etc. 


Lad HILADELPHIA UMPS 


PHILADELPHIA PUMP & MACHINERY CO. / 1513 Race St., Phila., pa. / Subsidiary of American Meter Co 
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IS original nuclear 
} instruments in the Medical field has 
led to original NEW developments in Industry 


GAMMA RAY SPECTROMETER W SCINTISCANNER ASSEMBLY 





SCINTISTAND ASSEMBLY 
REED-CURTIS was 
represented by invitation at 
the recent UN-sponsored 
Geneva Conference on the 
Peaceful Uses of Atomic 
Energy in the U. S. Technical 
Exhibit, and from October 19 
until November 3 at the 
Carnegie International Center. 
Future exhibits will 








be announce ed, 





These quality nuclear The Scintistand and 


instruments by REED-CURTIS 
are representative of a complete § 

line of scintillation counting 

equipment manufactured for 


Scintiscanner are used for 
example in medical diagnosis of 
thyroid conditions, etc. The 
Neutron Absorption Analyzer, 
the Spectrometer, and the Leak 
Detection Assembly are designed 
for varied uses in industry 


medical and industrial uses, 


MT 4 LEAK DETECTION ASSEMBLY 








FIRST in Scintillation Counting Equipment 





4 NEUTRON ABSORPTION 
ANALYZER 


for: Boron 
Lithium 
Indium 
Cadmium 
And rare earths 





Reed -Cweli¢ NUCLEAR INDUSTRIES 


DIVISION OF AMERICAN ELECTRONICS, INC. 


INDUSTRIAL DEPARTMENT CULVER BLVD., PLAYA DEL REY, CALIF. 
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THE FORTUNES OF PEACE 


America’s first successful long-range pilotless 
TM-61 


bomber — the Martin Matador—is a major 


system conceived and developed in peace- 


time 


And it is helping to keep the peace in an im- 


ortant way 


For the Matador is in quantity production, and 


idy widely deployed. As the first aircraft having 
ete interchangeability of parts, it is transport 
1ir and can be delivered unassembled for 


gy in critical outpost areas 


engineering concept that produced the 


Matador has already revised many design and pro- 
duction standards in the aircraft industry. For this 
versatile weapons system is being produced at the 
lowest cost-per-pound for comparable production, de- 
pite performance requirements more severe than 
those for most piloted aircraft. 

Today, the new Martin engineering concept is re 
vising the calendar on some of the most advanced 
flight and weapons systems projects now in the re- 
search and development stages. 


These are among the Fortunes of Peace! 





HOW WE 

MEASURE 

aA REACTOR'S 
DEVELOPMENT 

FIRST 


CORPORATION 


aie HEARTBEAT 


A new reactor is conceived in a 
human imagination but it is born and 
is first alive as a “critical assembly’’ 
in a “critical” facility. Each reactor 
must undergo many exhaustive tests to 
establish safety and performance char 
acteristics. The first such tests are 
conducted in a reactor critical facility 
at zero power under the direction and 
control of a skilled team of nuclear sci 
entists, engineers and supporting tech 
nical personnel. 

NDA is completing the country’s first 
private industrial reactor critical facil 
ity at its Nuclear Experimental Station 
in Pawling, New York. Staff personnel 
are organizing and planning reactor 
critical experiments in connection with 
several reactor development programs 
under way at NDA. : 

NDA would be pleased to work with 
other reactor designers and builders 
in developing and conducting test pro- 
grams utilizing this new reactor criti- 
cal facility. Consultations on a program 
to meet your requirements are avail 
able without obligation. 





NDA always welcomes inquiries from 
scientists and engineers interested in 
joining with us in this expanding field. 


Nuciear DEVELOPMENT CORPORATION OF AMERICA 
5 NEW STREET, WHITE PLAINS, N.Y. « TEL. WH 8-5800 
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ROUNDUP of Key Developments in Atomic Energy 





The McKinney 
Report 


Vol. 14, No. 2 - February, 1956 


LATE NEWS and Commentary 


Last week the long-awaited McKinney report with its closely-guarded con- 
clusions was out. The recommendations were neither as bold or as forceful as 
some had hoped, nor as limp as some had feared. The basic overall conclusion, 
answering the basic question the nine-man citizens’ panel had been named by 
the Joint Committee on Atomic Energy to study (What impact wil! atomic energy 
have on our economy and industry?) was reassuring: atomic energy may have 
some transitional dislocating effects in some sectors of the economy, no seriously 
disruptive ones. The demand for energy will increase so steeply that all the 
power both fossil fuels and atomic energy can produce will be needed. The 
report sees 1965 as the earliest time at which atomic power is likely to become 
widely competitive in the U.S. Recommendations include 

Insurance. Biggest surprise was a negative recommendation: no Federal aid 
“Implications that the Government is prepared now to take on the insurance bur 
den might stifle vigorous private efforts to meet the problem. We look on a 
Federal atomic-insurance program as a threat to private atomic enterprise, not a 
benefit. It is a last resort not yet called for, one which may not be needed.” 

Foreign Aid. Most imaginative recommendation; a broad program of stepped 
up U. S. aid to our “bilateral partners” for atomic power development and 
installation abroad, with a goal of “installation of at least 1-million kw of atomic 
generating capacity outside the U. S. as soon as possible—we hope by 1960.” To 
set realistic goals in specific countries, the U. S. should “promptly convene a series 
of regional conferences.” “The attention of the world should be called to the 
fact that such a program would parallel and possibly exceed the capacity installed 
during the same period at home.” However this section also contains, some 
feel, the report’s least forward-looking recommendation: the foreign aid program 
should require reprocessing of spent fuel in the United States 

Reactor development. “In the event that industry does not take on the full 
risks and burdens ( of developing atomic power to the point where it can be used 
effectively and widely on a competitive basis), AEC should support a high 
priority program (to do so) even to the construction with public funds of one 
full-scale ‘demonstration’ plant of each major reactor size and type.” By “each 
major size,” Panel Chairman Robert McKinney explained, was meant above 60 
Mw and below—a distinction based on power plant sizes of large interconnected 
utilities and those for purely local use. He told Nucieonics he felt this program 
could very well be dovetailed with the foreign reactor aid program: “That would 
be an economical way of doing it,” he said 

Medicine. Additional research centers with reactors and other equipment 
should be created; “low-cost atomic medical equipment suitable to the needs 
of the 6,100 hospitals and clinics without atomic facilities” should be designed 

Food preservation. “Radiation preservation of food does not appear likely to 


replace other methods to any substantial extent in the foreseeable future. When 


economically feasible, it would be a supplement to other methods.” 

Space heating. “Unlikely to prove economically competitive on any sub 
stantial scale.” Process heat could become significant; private research should 
be encouraged. 

Patents. “Complete review of the patent provisions of the 1954 act by the 
Joint Committee should be set aside until the expiration date of the compulsory 
licensing provisions—Sept. 1, 1959—is closer at hand. There are many other im 
portant policy issues which require more prompt attention.” 





LATE NEWS and 
Commentary 
COMTIMUED 


Strauss on 
Secrecy 


Insurance 
Progress 


Fission & 
Fusion at MIT 


Ownership of fissionable materials. JCAE should establish “continuing re- 
view” of the 1954 act in anticipation of permitting private ownership of special 
nuclear materials, at present expressly forbidden 

Information. AEC should “remove all reactor technology from the restricted 
category, including fuel element fabrication and processing techniques, leaving 
specific military applications to be protected by the defense classification system’; 
the dual AEC and Defense classification systems should be abolished, a single 
information control system set up; AEC should compile both classified and un 
classified data on peaceful uses on a continuing and current basis for ready 
reference; the concept that information is “born” classified should be restricted 
to weapons data. Price schedules on fissionable materials should be declassified 
On controlled fusion, the report called for “maximum interplay of scientific and 
engineering ideas” but stopped short of urging declassification. In this con 
nection, the report for the first time put AEC on record as stating there is a 
military aspect to fusion power. It quotes a letter from Chairman Strauss 
replying to a request from Senator Anderson for AEC’s views on the legal 
basis for classifying data on fusion power; the reply says “it appears that any 
thermonuclear reactor will be a substantial neutron produce: capable of pro 
ducing substantial quantities of special nuclear material. Hence it is our opinion 
that (such data) falls within the definition of ‘restricted data’ in section 11(r)” 
of the 1954 act. But the report revealed an AEC decision to give fusion power 
data to Q-cleared access permit holders with a need to know 

The Joint Committee, which this year will base its hearings on the state of the 
atomic energy industry on the McKinney report, will hear AEC leaders the week 
of Feb. 7, industry the next week. 


Earlier, AEC’s chairman last month journeyed to the home town of his severest 
critic on AEC secrecy, to make his ripost: Replying to Senator Anderson’s 
recent attack (NU, Jan, 56, p. 9), Chairman Strauss said in Albuquerque, N. M 
that “there is relatively little about any area of the civilian applications of atomic 
energy which remains closed to any responsible American business man who 
has a need for such information. This policy represents what we presently be 


lieve to be the most judicious solution to the problem.” 


Denmark's Burmeister & Wain shipyard, famous for huge marine Diesels, 
announced plans to enter the atomic power field; it has set aside $400,000 for 
research. In Tokyo it was announced preparation of blueprints for Japan’s 


first atom powered vessel would begin within six months 


Three groups of insurance companies have formed pools to underwrite reactor 
hazards. Some 70 capital stock casualty companies set up a syndicate to provide 
$50-million coverage per accident for third-party liability; fire insurance com 
panies pooled another $50-million to cover damage to the reactor operator's 
property; mutual companies are ready with another $10-million for either 
purpose, These sums, not dreamed possible a few months ago, made it seem in 


creasingly unlikely Federal insurance legislation would be asked this year—or at all. 


MIT has set up a thermonuclear study group led by Prof. William P. Allis 
consultant to Project Sherwood at Los Alamos. Purpose is to see whether 
MIT should set up a program of experimentation in the fusion power field. MIT 
also disclosed that ACF Industries will design, and eventually build, the 
Cambridge school’s research and training reactor. Similar to CP-5, the reactor 
will produce 1 Mw of heat; site, cost, flux level were not disclosed. It will be the 
first reactor in New England, and the first reactor job for ACF 
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Spending Increases Planned for AEC Operations . . . 


1955 Actual 


speci il materials 


ve lopme nt 


1,099,293,438 
17,167,446 


$626,896,217 
238,184,541 
109,155,473 
44,548,999 
28,120,416 
18,977,296 
33,953,408 
9,817,431 
10,360,343 


1956 Estimate 1957 Estimate 
$878,524.000 $1,012,582,000 
267,139,000 282,470,000 
159,927,000 234,935,000 
54,419,000 65,693,000 
29,172,000 31,527,000 
20,065,000 17,950,000 
38,016,000 38,327,000 
6,807,000 6,610,000 
5,270,000 6,375,000 


1,456,339,000 
40.226, 000 


| OU6, 169,000 
33,797,000 


$1,082,125,992 $1,426,113,000 $1,662,672,000 


.. . as Commission Gets 16}% Boost in Budget for 1957; 
$237-Million Raise Includes $75-Million for Reactors 


President Eisenhower has asked Congress to raise AEC’s net operating 
budget for fiscal 1957 about 16.5% above the agency's rate of spending for 


1956 rhe increase will provide: 


® $1.4-million more in 1957 for the civilian power reactor program 
@ $26.4-million more for the naval propulsion reactor program 
® $27-million more for the aircraft propulsion reactor program 


® $4.6-million more for training and education 
®@ $13.9-million more for other AEC programs 
lotal spending for operations in 1957 is estimated at $1,662,672,000, com 


ured with the fiscal 1956 estimate of $1,426,113,000. 


These overall gains 


in sp nding are reflected in the table above. 
A large portion of AEC’s 1957 money is to be charged off to research 


nd deve lopm«e nt 


For instance, in the $282-million listed in the above chart 


lor weapons spending, more than $95 million will be r-&-d costs. 


Even more important, from a fi- 
nancial standpoint, is the cost of 
r-&-d in the reactor program. More 
than $211-million of the reactor pro- 
ram's $235-million allotment is 

In 1956, the reactor program 
ated to cost $160-million, of 

t] $144-million is to be charged 
it to r-& d. 

Here’s a thumb-nail rundown on 

major AEC programs: 

® Source and special nuclear ma 
terials—foreign and domestic pro 
urement will continue to expand, 
AEC expects new fa ilities for proc 
sing feed and special nuclear ma 
terials to provide increased output 
it lower unit processing costs. 

® Reactor development—stepped 
ip military and civilian reactor pro 
“Increasing 
vill be placed on a broad 
study of reactor control and safety 


rams are in store 
mphasi 


This endeavor will involve testing of 


basically different classes of reactors 
under adverse operating conditions 
to establish safe upper operating 
limits and to study the mechanisms 
vhich cause reactors to be inher 
ently safe Training in the nuclear 
ngineering sciences will be ex 
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panded. This will include training 
in universities and Commission lab 
oratories, plus provision of training 
equipment to universities 

AEC will add an eighth concept 
to the seven reactor approaches it is 
now supporting to develop com 
mere ially fe asible nuclear power. 
This is believed to be the gas-cycle 
approach (which AEC abandoned 
in 1947), although the Commission 
said it could not comment in ad- 

ince of — the Congressional ap 
hearings. AEC also 


will expand work on transportable 


propriations 


reactors 





ROUNDUP 





® Weapons 
panded production plants will in 
crease weapons output. Employ 
ment will increase. 

@ Physical research—AEC utilizes 
about 90 particle accelerators rang 
ing in energy from a few hundred 
thousand electron volts to the 6-bil 
lion electron volt bevatron,. A 25 
to 35-Bev accelerator is under con 
struction at Brookhaven, In 1957, 
increased effort will go into studies 
of improving high-energy accelerator 
design. 


operation of ex 


® Biology & medicine—radiation 
effects are chief objects of the 
program. 

® Community—AEC. still hag the 
headache of operating Oak Ridge, 
Richland and Los Alamos 

®@ Program direction and adminis 
tration—costs will represent 2.3% of 
total operating costs in 1957, com 
pared with 2.6% in 1956. Employ 
ment will pick up 

® Security investigations — AE C 
and FBI full background checks are 
estimated at 27,150 for 1957, com 
pared with 28,000 for 1956 and 
44.918 for 1955. 

@ Other costs, revenues applied 
AEC supplies materials and services 
to industry. Costs of these will 
total about $6.4-million in 1957, an 
amount to be deducted from income 
of $38-million received from their 
sale and income from community 
operations, 

No new money was asked for new 
AEC plants. Obligational authority 

permission to make contracts to 
spend money—was asked only for 
money already appropriated, There 
remains available a $79-million un 
obligated previous 
years, and AEC feels this more than 
sufficient to cover $25-million for 
reactor development facilities and 
$2.5-million for its communities. 
The $25-million will go into con 
struction of a yy = naval pro 
pulsion reactor and 
ciated with development of other 


balan c from 


acilities asso 





Reactor Program Costs 


1955 Actual 


Civilian power program 

Army package power reactor 
Naval propulsion 

Aircraft propulsion 

Training & education 
Advanced development, opera- 


tional services, and all other 30,903,436 


Total reactor program 


$27,261,202 
600,785 
061,956 


$109,155,473 


1956 Estimate 1957 Estimate 
$36,794,000 
1,700,000 
34,818,000 
47,570,000 
937 ,000 


$38,156,000 
3,300,000 
61,200,000 
74,600,000 
5,583,000 


38,108,000 52,096,000 


$159,927,000 $234,935,000 


11 
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military propulsion reactors 

The remaining $52-million of the 
unobligated carryover will be asked 
for later, when the agenc 
to Congress a supplemental request 


submit 


improvements and additions to ex 
isting production plants, which will 
increase their production and safety 
ind decrease unit costs, raise weap 


ons production, and provide more 


posed for facilities needed for the 
military propulsion reactor program, 
and $12.3-million will be requested 
for new research laboratory build- 
ings and improvements and addi 


for $196,081,000. Of this total 





Washington Report 


Military propulsion reactors assume new importance 
in President Eisenhower's program for 1957. The 
budget the President submitted to Congress last 
month provides a boost from $47.6-million in 1956 
to more than $74.5-million in fiscal 1957 for the air 
craft propulsion program, and it asks that 1956 ex 
penditures of $34.8-million for naval propulsion be 
stepped up to over $61-million in 1957 
These funds are for reactor development. They do 
not include anticipated outlays for equipment and 
facilities with which to carry out this program. As 
a matter of fact, the President has in mind trans 
ferring almost $25-million in leftover 1956 funds to 
the 1957 budget to complete construction of a proto- 
type naval propulsion reactor and facilities con 
nected with development of other military nuclear 
propulsion units 
lists an $88-million item to finance construction of an 


His 1957 Navy spending program 


atom-powered light cruiser of 11,000-tons displace 
ment, as well as requests for proce urement of six new 
atomic submarines and planning of a nuclear ait 
craft carrier, The President is asking $22.5-million 
for an atom-powered “peace ship” designed to tou 
the world on a good-will mission. The nuclear aii 
craft engine program is more research than develop 
mental, at this stage. Word has leaked that equip 
ment allied with a propulsion reactor has been 
hooked up to a stationary reactor and tested. But 
there have been no indications that the weight 
problems associated with shielding of an airborne 
nuclear power plant have been licked 
For ships, however, the story is different Iwo 
atom-powered vessels have been launched. The 
Nautilus, the first submarine, has completed mor 
than 25,000 miles without refueling, and the per- 
formance of its reactor has been far better than 
anticipated by cautious designers and engineers 
The Seawolf, the second sub, has been launched, 
and delivery to the Navy is expected this spring 
Last year, the Administration felt that naval propul 
sion had advanced far enough to justify an attempt 
at building a large surface vessel powered by a re- 
actor. Eisenhower made a bad choice when he 
linked this concept with the concept of an atomic 
peace ship, for his request touched off a debate in 
Congress which stalled the entire project. 
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deve lopment facilities 
$81.1-million will be proposed for item of $54.4-million will be pro 


Another tions to existing research buildings 


and Tria hine S 





This year, however, something should be done 
(he President’s budget message showed no diehard 
insistence on a peace ship, but leaned instead toward 
models which, while military, would be working 
prototypes of commercial vessels. The light cruiser 
is the best example of this, for its 11,000-ton dis 
placement is in the range of modern cargo vessel 
size; the Maritime Administration’s famed Mariner, 
the fastest cargo vessel, displac es 10,000 tons. 

More comparisons: A Mariner runs on 17,500 shaft 
horsepower, although its performance has never 
been announced. The Nautilus displaces about 
3,000 tons. A Navy light cruiser of 11,000-ton dis 
placement would seem to fit the bill as a model for 
a Mariner-type nuclear vessel from the standpoint 
of power. It also comes close to the type of tanker 
the administration has in mind. The reactor un- 
doubtedly would be a PWR. The Nautilus has 
proved out this concept more than satisfactorily, and 
findings on performance of the liquid-sodium-cooled 
Seawolf will not be available for another year or so 

The Maritime Administration has asked American 
industry for proposals for a reactor-driven conven- 
tional steam turbine device, and for investigation of 
advanced propulsion design, probably a closed-cycle 
gas turbine engine utilizing reactor-heated gases. 
It is now carrying on an experim« ntal program on a 
closed-cycle gas engine, and if a promising proposal 
to hook one up with a reactor comes along, the two 
studies would be joined. 

Maritime has plans to ask a supplemental appro- 
priation of about $16-million for production of a hull 
for a nuclear tanker. The agency is sold on the 
potentialities of such a ship, since its payload would 
be intact at the point of delivery, rather than de- 


pleted through consumption of some of the oil cargo. 


There's a note of urgency in Maritime’s requests 
since officials realize they may be outstripped by 
Scandinavian competitors of American firms, if not 
by the Russians Sut that same urgency is even 
more important in the Navy's program, for it is sym 
bolic of the Nation’s defense against an enemy. 

For this reason, the Navy stands the best chance 
of obtaining Congressional approval of a ship de 
signed as a warship, but with possibilities of conver 
sion to a commercial vessel with subsequent mod 


ification. 
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Belgium Plans 3d Reactor; 
Will Have High Flux 


Plans for a high-flux materials 
testing reactor were announced by 
Belgium’s Council for Industrial Ap- 
plications of Nuclear Energy. It 
will be erected at Mol, on land ad- 
jacent to the first reactor expected 
to go critical in April. The two will 
form a single industrial-scientific 
compl X. 

The proposed MTR will have a 
flux-rate of 6.45 x 10" neutrons/cm’ 
sec, which will make it the most 
idvanced reactor on the continent. 
It is to be completed by the end of 
1958 

This will be Belgium’s third re 
ctor. The second is the 11.5 Mw 
power reactor now being built by 
Westinghouse to provide electricity 

ind an additional spectacle—for 
the Brussels World’s Fair of 1958; 
it is to be ready for operation in 
pring that year. 

Belgium's Nuclear City at Mol 
stands in flat isolated country form 
erly part of the royal domain of 
iéthy, 29 miles east of Antwerp and 
only 7 south of the Dutch frontier 
Aside from barge traffic on the old 
Scheldt-Meuse canal, its only neigh- 
bor is a power station from which 
the first reactor will buy electricity 
ind hot water. 

rhe first reactor, begun in July 
1954, is almost completed. Like 
sritain’s BEPO at Harwell, it is 
graphite-moderated and air cooled 
in form a 20-ft cube surrounded by 
a 7-ft protective wall of dense con- 
crete. Six cast-iron foundation 
plates each weighing 13,200 Ibs 
have been laid perfectly level on 
concrete reaching 36 ft down into 
the sand. On them will rest 500 
tons of graphite containing 25 tons 
f natural U in Al-clad slugs. The 
reactor will have a flux of 10” 
neutrons/cm’/sec, and will operate 
it 3 Mw of heat. Coolant air will 
be filtered and expelled through a 
200-ft chimney. Though it will 
produce isotopes, principally short 
lived ones, its essential function 
is experimental. Large chemistry, 
physics, biology, and metallurgy 
labs are now being built in the 

ining Mol pinewoods for com 
m by year's end; together with 
rst reactor, this center will em 


500, a — of them scien 


Like all other countries, Bel 
um is seriously worried about the 
ortage of ade quately trained scien 

tifie personnel. Recently an appeal 
vas made to writers to try to popu 
larize nuclear physics as a career for 
young Belgians. 
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About the Industry 


Road map for the chemical industry. Having been handed an 
AEC routing chart to the hitherto unexplored territory that is 
chemical reprocessing, the industry began girding for the long re- 
search and development trek. The directions were in the form of 
a new program “to encourage private industry to build and operate 
plants for the chemical reprocessing of irradiated fuel elements from 
research and power reactors, as a further step toward private 
ownership of atomic energy facilities for peaceful uses.” AEC 
offered to make available to this end both its know-how and limited 
amounts of irradiated fuel from its reactors to those firms which 
submit acceptable proposals 18 months hence for construction of 
private processing plants, The firms may also use AEC facilities 
for research and development and for training, at their own cost 
“The goal is to have commercial processing plants in operation as it 
becomes necessary to process fuel elements from privately-owned 
power reactors.” In judging the proposals, AEC will consider the 
extent to which they advance the art, reasonableness of prices, size 
and start-up date, and the manner in which the waste disposal 
problem will be handled—the last inserted to give industry the 
greatest possible incentive to reduce the cost and risks of waste dis 
posal and to develop economical uses for what are now considered 
waste products, As in the power demonstration reactor program, 
AEC may accept one proposal, several, or none 


Industry reaction was that this cleared the air, imparted direction 
that had been lacking. The program was announced sooner than 
some had expec ted, and the 18-month period was considered “an 
interesting time” reflecting the hope of seeing some advanced design 
thinking. It was none tuo soon, either: 18 months plus 2-3 years’ 
construction time is just about right for carrying the load; some saw 
AEC forcing the pace. On the other hand there had reportedly 
been some jockeying for position earlier among chemical firms to 
line up utility commitments; the announcement evened them out 
and established a competitive bid situation—no utility now will not 
sit back and wait to see how much r-&-d can bring the price down. 
To qualify for AEC at the end of 18 months, however, a firm must 
have at least one private commitment. One criticism of the plan 
was that AEC failed to specify the base-load of government-owned 
fuel it would make available for processing; but the Commission 
assured Nucieonics that it intended to do so very shortly. 


To explain its program and to define processing costs, AEC held 
a symposium at Idaho Falls. Some 200 chemical and utility 
people heard AEC Reactor Chief W. K. Davis read a basic state 
ment spelling out Commission policy, AEC’s target figure for 
processing is % to 1 mill/kwh, he said; this includes inventory 
during processing, processing losses, waste disposal conversion to 
metal and shipping costs of fuel elements as well as recovered 
products. AEC’s own fuel processing costs are confidential data 
Intent of the new aid plan “is to provide a base-load for economical 
operation of one or more commercial chemical processing plants 
until the load from private power reactors is sufficient to support 
the operation. If industry proposes to process licensed power 
reactor fuels only and does not require AEC fuels to supplement 
the load, they need not submit a contract proposal to AEC. They 
would still apply for a license to construct and operate the facility.” 
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Progress on PWR 
At Shippingport 


(Right) A GENERAL view 
of progress on PWR 
as of Jon. 18. Be- 
hind the high-lift cranes 
can be seen the tops of 
the two heat-exchanger 
containment vessels 


(Left) A CLOSE-UP of 
one of the two contain- 
ment vessels for heat 
exchangers. Each will 
contain one Babcock 
& Wilcox U-shaped, 
and one Foster Wheeler 
straight-through heat 
exchanger 


PWR's fuel-handling canal 


Reactor News 


Details on new version of Yankee reactor disclosed. uses a solution of enriched uranium, phosphoric acid 
AEC’s reactor chief W. Kenneth Davis recently revealed and water, requiring a gold lining inside the stainless 
some of the specifications of the revised Yankee Atomic The reactor is cooled 
Electric Co, proposal, only one of the four original bid: by forming steam in a heat exchanger 
under the first round of AEC’s Power Demonstration Re 
actor Program not yet accepted 
still under consideration by the AE¢ 
generating capacity upped from 100 to 134 Mw while 
total estimated plant cost rises only to $26-million from 
$20- to $25-million, Of this $19.3-million is for the 
pressurized water reactor, $6.7-million for the turbo 
generator plant. Yankee’s proposed $230-per-installed 

kilowatt capital cost compares favorably with $630 Los Alamos Power Reactor Experiment No. 2 (LAPRE 
estimated for the Shippingport PWR. $540 for Detroit 2) another 

uranium, phosphoric acid and water solution for fuel 
Convection cooled, it will be rated at 1 Mw 


steel core vessel to contain it. 
Core and heat 
exchanger will be em lose d in the gold line d tainless steel 
vessel six feet high and 15 in. in diameter. Heat output 
will be 2 Mw. 
to produce high temperature superheated steam as is 
used in modern turbines; but LAPRE 1 will have no 
turbine-generator attached; however the design can be 
scaled up substantially, 


The revised proposal 


calls for a plant Chis is expected to be the first reactor 


homogeneous — reactor using enriched 
Edison’s fast breeder, $320 for the Nebraska sodium 
graphite reactor $250 for Commonwealth Edison's 
Chicago boiling reactor; it matches the estimated $230 
per-kilowatt capital cost of Con Ed's Indian Point 
thorium breeding PWR, and is surpassed by none. It for pac kage powe! application ( 
pe ted to be « omplk ted this year 


It has no 
moving parts and is designed for safe operation with 
out an attending operator making it especially suitable 
istruction is ex 
will have a thermal power of 500 Mw, and use 25,500 
kilograms of 2.7% enriched uranium 
pares with 90% for Shippingport and Indian Point, 20% 
for Detroit, 1.8% for Nebraska and 1.1% for Chicago.) 


(Enrichment com 
Push-Pull Critical Experiment small-scale test of a 
method of producing forced circulation of fuel solution 
without using pumps 01 other moving parts. It is com 
Los Alamos building 5 experimental power reactors. prised of two reactor \ 
Norris Bradbury, director of Los Alamos Scientific changer. The fuel 
Laboratory, revealed that LASL is engaged in “active in only one vessel at a time 
research, design and construction” of five power re rise in vapor 
actor projects. At least two are quite daring in con 


cept. As described by Dr. Bradbury, the five ar 


ssels connected by a heat ex 
solution fills and becomes critical 
When it goes critical, the 
pressure resulting from increased tem 
perature in the chain-reacting solution forces the fuel 
solution through the heat exchanger into the other vessel 
halting the chain reaction in the first vessel but going 


Omega West—a forced-water cooled, heterogeneous r¢ ' 
critical in the second 


actor that will operate at about 5 Mw and will be com 
pleted in Spring. It uses enriched fuel elements of the 
type used in the Geneva swimming-pool reactor, and will 
be used as a research tool for neutron production and 
irradiation, 


When the second vessel is full 
the process is repeated in the reverse direction. It is 
expec ted to be compl ted in six months 


Los Alamos Molten Plutonium Reactor Experiment 
(LAMPRE)—A molten-plutonium alloy fueled reactor 


Los Alamos Power Reactor Experiment No. | (LAPRE 
1)—a homogeneous, forced fuel circulation experimental 


power reactor now already in final assembly stage. It 
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that will operate at high temperatures, this system can 
I Pilot model will develop ~l Mw 


be made a bree¢ Cl 
of heat, but a 100-Mw unit is being designed. 
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World News 


French dual-purpose reactor started up. France b« 
the second country in the world, after Russia, to 
lave n operating nuclear central station plant on 
jan. 7, when her “G-1” reactor went into service at 
Marcoule near Avignon in the lower Rhone valley 
Air-cooled like the Brookhaven reactor, G-1 is fueled 
y 100 tons of natural U shaped in 2,700 rods, and 

rated by 1,200 tons of graphite. It will produce 
33. pounds of plutonium a year 


carne 


Conceived as a 

prototype, it will have a heat capacity of 40 Mw; a 

generating station, now nearing completion and planned 

for service in July, will produce 5 Mw of electricity 

This low power output is due to the relatively low heat 

1; 280° C.; and it will not be available for con 

G-l’s air blowers will require S Mw 

G-2, a larger CO:-cooled sister reactor to be 

, ed next year, will produce 50 Mw of electricity 

o that the two reactors together will have a net surplus 
of 15 Mw for sale 


Russian reactor aid for Tito. A Yugoslav delegation 
to Moscow returned to Belgrade with an agreement 
under which the Soviet will provide technical aid in 
building Yugoslavia’s first research reactor, as well as 
nuclear materials. The agreement also call 
ange of scientists and professional literature 
officials said they hoped to complete the 
r in 2-3 years. They would not disclose its size 
said only that it would be larger than those Russia is 
upplying to its satellites, but smaller than the 5-Mw 
Soviet power reactor. They said Russia's offer of aid 
response to a Yugoslav request that went also 

S. but was answered first by the U.S.S.R 


Delegates of the Austrian AE¢ 
rep rted in Vienna newspapers as encountering 


Austria sees delays 


in obtaining usable data on commercial 
The team 
rts had been sent here to get sufficient data on 
types to be able to select the best model for 
search-and-power. Viennese officials had also invited 


reactors from U. S. manufacturers 


team of U.S specialists to visit Austria to study pre 

iiling conditions, but no American scientist or in 

lustrialist had shown up by year’s end, the Austrian 
ion said Meanwhile the bilateral with Austria 
be signed because the 1 S. AEC wants to 
st what kind of reactor Austria wants to buy 


Germans sell reactor components to Commonwealth 
Head Wrightson & Co., the Yorkshire firm building the 
power reactor at Lucas Height near Sydney 

-let part of the work because its own works were 
capacity. The Bavarian heavy engineering firm 
Maschinenfabrik Augsburg Niirnberg) received 


for heat exchangers and other components 


Living with a reactor: English townsfolk differ. Al! 
though Essex County Council approved in princi le the 
election of Bradwell-on-Sea in Essex as one of the first 
British nuclear power station sites (NU, Dec, ‘55 

14), residents of the town of 800 are up in arms 
Objections are to industrialization generally. An alder 
ks, “Why should we have one here? We do not 

to have experiments tried on us.” Loudest protests 
Essex Bird Watching and Preservation Society 


close to a suggested nature reserve, Contrari 


the people of Berkeley in Gloucestershire. the other 
peo] 
n, are “all rather thrilled about it,” and look 
being on the map again.” 
} g 
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Cheap isotope separation in Germany? Scientists al 
the University of Marburg claim to have discovered 
a relatively cheap way of separating uranium isotopes 
Production of U-235 is the bugbear of European atomi: 
development today, just as it was earlier in the U. § 
and the American example of about $3-billion spent 
on diffusion plants using half as much electricity as Ger 
many’s total annual consumption is not encouraging \ 
cheap separation process would have political sig 
nificance, too, because the vast cost of diffusion plants is 
i prime argument in favor of a “Euratom pool plan 
The Marburg scientists force UFs gas under high pres 
sure at ultrasonic speed through flat nozzles about 0,02 
in, wide The lighter parts of the gas tend to a 
cumulate near the fringes of the gas stream and the 


heavier ones near the center 


Experime nt to date 
ave been made using xenon; 12 nozzles arranged in : 
circle, each one a yard long, have been used, with the 
he avier gas being separated by a diaphragm 


Cerman 
industrialists think building and operating costs of 
separ ition plants may be cut by one-half to two-third: 


India expands rare earth facilities. The Government's 
$2-million rare earths factory at Alwaye (Travancore 
Cochin) will increase its produc tion “substantially, 
Dr. Homi J. Bhabha of India’s AEC said 
put of the 3-year old plant, said to be unique in Asia, is 


Present out 


a secret. It processes monazite and produces thorium 
rare earth carbonates and _ trisodium phosphate Dr 
Bhabha also reported discovery of three uranium de 
posits in India; and that Vitro Engineering, together 
vith France's St. Gobain and Britain's Costain John 
Brown, had been named technical consultants to the 
Indian vovernment to prepare preliminary reports for 
the DO plant and fertilizer factory to be set up in con 
junction with the Bhakra Nangal dam now being built 
The plant is to make 7% tons of D.O annually as well 
is 340,000 tons of ammonium nitrate fertilizer. Last 
veek, Dr. Bhabha and India’s electricity supply chiet 
igreed on the site of India’s first power! reactor: at the 
textile center of Ahmedabad This city’s distance from 
the main Indian coalfields makes A-power more urgent 
here than in Bombay or any other industrial city 


High Energy Physics Symposium at Geneva. CERN 
the European Organization for Nuclear Research, will 
hold a symposium June 11-23 on “Novel features in 
the design and techniques of high energy accelerators.” 
Special experimental technique s such " bubble 
chambers and new contributions to pi meson physics 


will also be discussed Partic ipants vill be held to 300 


Study Group for Nuclear Energy founded in Vienna. 
Individuals and companies have been invited to join the 
“Studiengesellschaft fiir Atomenergie” by buying from | 
to 5 shares at 30,000 schillings ($1.154 per share 
More than 65 shares have been sold 10 ot 8O firms 
invited have joined The group s future activities were 
not announced 

Italian nuclear power prospects, Italy needs |-million 
kw of nuclear power by 1965 and several millions by 
1975; and in all probability nuclear power will be com 
petitive in Italy by 1960-65. So says Vittorio De Blasi 
managing director of Societa Edison of Milan, Italy's 
biggest electric power utility He urged Italian in 
dustrialists to plan to get in a position to be able to 
build all or part of these plants, because of Italy's un 
favorable balance-of-trade situation 
vhether, or to what extent, Rome 


It is not yet clear 
vill control Italian 
private industry's atomic activities 


15 





ROUNDUP 





News in Brief 


Industrial radiation conference set. ‘Together with the 
Armour Research Foundation, Nucironics will co-spon 
sor an Industrial Nuclear Technology Conference in 
Chicago on May 15, 16. It will cover uses of radio 
active materials in many industries and in chemistry and 
biology, as well as radiation sources and nuclear instru 
mentation. 


Gas-cycle proposal for PDRP. Holyoke, Mass., one of 
the fest to disclose interest in the second round of 
AEC’s power demonstration reactor program, (NU, Dec. 
‘55, p. 14) announced a definite bid Its revolutionary 
proposal is for the world’s first closed cycle gas-cooled 
reactor. This 15 Mw plant would have a single loop 
in which reactor-heated nitrogen under pressure would 
be channeled into the turbine, back to the reactor; 
no steam cycle, no heat exchanger. Ford Instrument 
Co. would design and build the reactor; Sanderson & 
Porter, consulting engineers, would design the plant 
and supervise construction. Capital cost would be $310 
per installed kw, although r-&-d work brings total cost 
to $10-million. Meanwhile another city utility, at Piqua 
Ohio, is pushing plans to bid 


Army transport study contract to NDA. Nuclear De 
velopment rp. of America won a $100,000 contract 
to study for the Army Transportation Corps the feasi 
bility of nuclear propulsion for military transport in- 
cluding locomotives, harbor and inland waterways craft 
and large cargo-carrying “land trains.” 


No LMFR for Pacific Northwest yet. The Washington 
State Power Commission has decided to delay entering 
a bid under the second round of PDRP for a small liquid 
metal fueled reactor (NU, Jan. '56, p. 16) after com 
paring prospects with a conventional plant using coal. 


AEC prices thorium. A “revised” basic price of $43 
ver kg, F.O.B. Fernald, Ohio, has been set on thorium 
“ AEC. Use of the word “revised” referred to an 
earlier confidential price; this is the first publicly an 
nounced price. The revision appears to have been up 
ward; AEC would not confirm this but said the new 
price is in line with its policy of full cost recovery. 
AEC said it plans to “sell or lease thorium metal in 
limited quantities only until industry is prepared to meet 
commercial requirements ”" Reactor chief W. K. Davis 
recently said AEC was stockpiling Th in a limited way. 


New home for AI. Atomics International division of 
North American Aviation has moved its headquarters 
across Los Angeles from Downey to a new 85,000-ft 
building at Canoga Park. Both administrative and 
laboratory work will be carried on in the new building, 
only 8 miles from Santa Susana where the Sodium Re 
actor Experiment is going up and where AI has a labora 
tory for lhebep nuclear research and development work. 


New contract for Mallinckrodt. AEC has signed a new 
contract with Mallinckrodt Chemical Works of St. Louis, 
operator of AEC feed materials plants in that city and 
at Weldon Springs, 27 miles west. The new four-year 
contract, reflecting the increased scope of Mallinckrodt’s 
work for AEC, switches to a cost-plus-fixed-fee basis; 
the previous pact provided for production at a unit price, 
and for r-&-d and minor construction on a cost-reim- 


bursement basis. 
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Feed materials meeting well attended. 54 industrial 
firms were represented at an AEC-sponsored technical 
information meeting in Cincinnati last month in connec- 
tion with the Commission’s proposal for production of 
refined uranium salts in privately-owned and operated 
plants. (NU, Dec. 55 p. 13.) 140 L-cleared persons 
heard technical papers and were taken on a limited tour 
of the Fernald Feed Materials Center 


Another AEC bid to private industry. AEC asked in 
dustry bids for processing of fluoride scrap generated at 
feed materials plants, to recover U contained in it. It is 
expected sizable quantities of commercial fluorine could 
also be recovered. AEC estimates 4,000 to 8,000 tons 
of fluoride scrap will be available annually; it is now 
being stored. The Commission will give industry until 
October to familiarize itself with the processing 
technology involved, and then will invite bids for pur 
chase of scrap and re-sale of recovered uranium 


Plane-installed reactor flies. The Air Force and Con 
vair announced that a test reactor has been installed in 
a B-36 for investigation of shielding effects of radiation 
on aircraft materials and systems, ‘and to develop air 
borne nuclear instrumentation. The reactor operates 
only while the plane flies over designated areas where 
maximum ang safety is attainable, never during take 


offs or lane ings 


New industry building plans. Nuclear Development 
Corp. of America began work at Pawling, N. Y., on a 
reactor critical facility developed entirely with privat 
industrial funds. The $500,000 nuclear experimental! 
station will also have a hot lab; both facilities are to be 
in operation by midsummer. High Voltage Engineering 
Co, announced an 88,000-ft’ building at Burlington, 
Mass., near Boston, to house the world’s largest radiation 
machine test facility. Edward Valves, Inc., builder of 
valves for both Nautilus and Seawolf, is doubling the 
size of its Chicago lab where it develops, tests, and as 
sembles valves for nuclear power plants 


Detroit site set. Lagoona Beach, 30 miles SW of 
Detroit on Lake Erie, is the site of Detroit’s fast breeder 
Its builders—18 utilities and 8 manufacturers—hav 
formed Power Reactor Development Co. This “con 
struction group” is distinct from the r-&-d Atomic Power 
Development Associates; both are spearheaded by 
Detroit Edison 


Enter the Atomic Coordinator. Henry M. Marx of 
Greenwich, Conn., special counsel for General Dynamics, 
has been named Atomic Energy Coordinator for Con 
necticut by Gov. Ribicoff. He will protect the interests 
of the public, promote the use of atomic energy, and 
coordinate the activities of nine State agencies 


Regulations out. The first 6 regulations under the 1954 
act, published in tentative form last summer, went into 
effect. Modifications in the tentative version were 
minor, mostly liberalizing. Three more will be out 
soon, 


AEC isotopes reorganization. The Isotopes Division at 
Oak Ridge, at present the only AEC division with head- 
quarters outside Washington, has become the Isotopes 
Extension of the Division of Civilian Application. 
Closer coordination is the aim of the change. 
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Extruded lead brick are bound to be sound. The 
extrusion process forcing metallic lead through dies 
insures an internal structure that is solid, and an 
external surface that is smooth and uniform. There 

are no hidden voids and shrink-holes to lessen the 
protection of the shield, no rough surfaces or “sinks” 
to be machined flat before the brick can be stacked 
straight and true 


So far as the lead itself is concerned, we use a grade 
suited to barrier construction, holding to a minimum 
impurities that impair ray absorption and invite 
contamination, 


If you are in the market for lead brick, let us show 
you samples and quote prices. We can furnish not 
only the conventional flat-side article — standard sizes 
2” x 4” x 8” and 2” x 3” x 6 but also curved “‘Protecto” 
brick in these dimensions and in the large size, 

7 ae xs 


It will pay you to keep in mind that National Lead is 
headquarters for LEAD SHIELDING in any shape, 
size or tonnage. 


National Lead Shielding 
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FORD INSTRUMENT 


QUANTIZES 
LIGHT 


spots on a piece ot paper can become a means 

ng information Rorschach chart impressionist 
ind survey maps are all visual message carriers Ford 
ment engineers found it necessary to translate such color 
ation into electrical or mechanical quantity quantiza 
vith less distortion than is inherent in the usual photo 
ic techniques. Such quantities can in turn be used as signals 
ctuate computers, make offset plate s, and generally put to 
nformation implied by the difference between the colors 


distribution of the colors 


LIGHT BEAM 


QUANTIZATION EQUIPMENT 


RED ORANGE YELLOW GREEN BLUE 
~- - 
QUANTIZED OUTPUT 
DISTINCT COLOR SEPARATION OR GRAY SHADES 





ntization performed by Ford is not restricted to color alone 
imple i black and white photograph represents an aggre 
of light and dark areas of varying shades, and this di play 


| 


quent] be converted into continuous or discrete electrical 


for ious purposes ind use Ford engineers recenth 


juipment which can quantize and record the ilous 
or gray areas in photographic negative ind to 
nfarmation into usable data. This equipment was 
classified project th equipment inavailable 
1ISe however the technical know-how iined by 
bined with Ford’s superior production and enginees 
is available in the creation of light quantizing 
lor you 

ht quantizing is but one of the many facet { Ford Instru- 
bout Ford's 


ind facilities, write for an illustrated folder 


leSIZI ind development kor more informati 
f rvice 


meer vill be happy to discuss your proble of control 


ua. FORD INSTRUMENT COMPANY 
DIVISION OF SPERRY RAND CORPORATION 
31-10 Thomson Avenue, Long Island City 1, New York 
Beverly Hills, Cal . Dayton, OF 
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Ford’s capabilities are among 
the finest in the country 


Three dimensional cams 
elaborate computing device 
terize shell ballistic magnet 

or to solve 

function. Precision 

vital Hn portance Zz 

signed and built 1 unique mact 
can produce extreme! curate 
from a killfully mac 

is two thousand data 

milled to set precisel 

the handcut master 


Equipment used for defense ; 

dergo rigorou test for 

dependabilit in combat 

vironmental testing labor ri repro 
duce extremes of ce rotic batth 
hock of warship broadsicds ilt f ind 
hea eu When tlaw have been 
detected ind corrects ‘ minent 1 
okayed tor volume 

throughout the arm 


aig 
a 


Typical of Ford instrument's 40 years 
of experience in preci tro it 
vork in the field o 

Compan 

control rod drive 

wolf, second ato 

design ensing 

equipment ind 

tions, and other 

and abvilitie ire oO 


to thi expandit 





Py 


G.E. Designs New Alpha Particle Detector 
for Health Monitoring Against Radiation 


General Electric’s new alpha particle 
detector is a dependable monitor for 
inspecting clothing, machinery, lab 
oratory areas or equipment suspecte 
of containing alpha radiation. 


EASY TO USE, the detector weighs 
less than 2'4 pounds, including 10 
feet of cable and connectors. It has 
an exceptionally large detection area 
of 150 square centimeters; is capable 
of detecting alpha particles having 
energies as low as two mev 

COMPACT CONSTRUCTION consists 


of a zinc-sulphide phosphor, photo- 


multiplier tube and cathode follower 
pre-amplifier giving 0.25 volt output 
pulses. These pulses are transmitted 
to a scaler or rate meter. The detector 
also makes a rapid and sensitive 
survey meter when connected with 
a simple audio-speaker, which pro 
duces an audio “popping”’ noise 


PRICE is $249.60* and the detector 
is available from stock. For further 
information contact nearest G-E 
Apparatus Sales Office, or write for 
Bulletin GEA-6117, Section 605-81, 
General Electric, Schenectady N.Y. 


Manufacturer's suggested retail price 


4 Progress /s Our Most /mportant Product 


© GENERAL ( ELECTRIC 
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CRISIS: Nuclear Education 


Note With the blossoming of the 


rij the man pow: r shortage ha i 


proble m lt has been said that 


lion of new nuclear engineers and scientist 
tripled if we are to keep up with growl! 


Training opporltunilr are wncreasin 


/ enough Here is an analyst 
fuation by John Kenton News Editor 
CLEONK 
he biggest crisis facing the United State 
energy industry is that of training scie 


ngineers and technicians in adequate 


quite recently that the seriou 
of the situation has been recognized and 
ped When Commissioner Willard F. Libby 
ded the alarm last May, at the dedication 
the first university research reactor at North 
’ ite College, his was a voice in the 
vildernes Since then the toesin has been rung 
vdiayv there probably no one connected with 
vho has not heard government or indu 
point out that 
training half as many new engineer 
as we must have 
Russia is currentiy training more than t 
ny new engineers each year ais W 
ibstantially increasing her output 
16°, of high school graduates entering 
ge enroll in engineering courses; less than 
raduate as engineers 
number of qualified high-school science 
ithemactics teachers has fallen off 53°, in 
e year while the student body went 


ol oul hig i schools do not tenes h phy if 


ilthough in the last quarter of 1955 both 
ent and industry, as well as the uni 

began to take remedial measures in the 
engineering field, these so far amount 


nger thrust into a man-sized hole 


reason why the crisis in nuclear 

ired and broke so suddenly upor 

fant atomic energy industry is that hard o1 

els of passage of the Atomic Energy Act of 

io4 private companies began swarming into the 


ne eld, and the demand for trained personne! 
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skvrocketed 


ding for the services of experienced AEC peopl 


Companies intensified their bid 


and then turned in some cases to cannibalizing 


each other’s staffs 


The Scope of the Problem 


Chere are today 14.000 engineers and scien 
tists in the entire AEC program, and 4,000 more 
in industry and the universities his include 
the specialists in mining, agriculture, biology 


and medicine, weapons programs — everything 
Of nuclear engineers there are only 5,000 in the 
country altogether, in and out of Akt And 
even at that. only a few of this 5,000 are highly 
qualified neh with five year or more experience 
vho have either worked through reactor design 
projects from beginning to end, or become expert 
in nuclear chemistry or metallurgy or radiologi 
cal safety The rest are trained men who have 
gone into ancillary fields such as economu 
technical or contractual services, labor relation 
government liaison or regulation; or who are 
trained in and have worked on only one imited 
pecialty such as reactor physics, or heat transfer 
or who have completed training but have as yet 
little or no practical project experience 

AKC estimates that the civilian atomic energy 
industry will need 2,000 well-trained nuclear 
engineers and scientists each year tor the 
three years, and that at present we are 


Moreo el cdot 
indicate a need for 40 to 5SO.000 


ibout SOO per year 
growth curves 
engineer and scientist In atomic energ’ vor 
alone by 1975, to achieve which the traiming 
must be lifted by then to 5,000 a year 

{ S. Office of Education studi how that b 
then we will be training only about 35,000 engi 
neers annually in all fields, so that atomic energs 
could utilize 15° of the total available supply of 


yg Obviously competition for then 

re uch that 15% will not be available; the 
18.000 nuclear scientists and engineers toda 
of the $50,000 total 


Chis is why AKC is concerned about the 


represent 20 


range as well as the immediate proble 

why it has expressed fear that manpower I 

come a limiting force on the rate of expansion of 
Continued on page 52 
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Solvent 


Solvent- 
plutonium 
liquid 


tube “freeze-thaw” 
volves \ 


PROPOSED system for extracting Pu from irradiated fuel 





























Plutonium 
drain 


Pyroprocessing 
for Nuclear Fuels 


Advantages of pyroprocessing over conventional 
aqueous processes are: 


Inorganic and metallic materials are compact and 
radiation resistant 


Thus, plants should be smaller and not restricted in 
location by fluid radioactive wastes 


By ROBERT C. REID,* DICK DUFFEY,{ and J. EDWARD VIVIAN* 


* Dept. o he il Engineering, Massachusetts Institute 
} a o 


Ma 


t Dept. of Che il Engineering, Universit { Ma 
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Current Practice—Aqueous Processing 





{queous 8 ystems are used in government plants for isolating decontaminated plutonium and ura 





nium from irradiated uranium T he process involves dissolution wn nitric acid and preferentia 





extraction of the plutoniun and uranium into organic solvents, such as methyl isobutyl ketone or 





tri-n-butyl phosphate diluted with a hydrocarbon (13 





Pre Su ably this tes Ani 1€ 8 applicable lo any wu adiated Mrantun altho igh there wno p itoniun 






eparation step with irradiated uranium-235, as in the Idaho Chemical Processing Plant (nor would 





there be with uranium-233) (14 { parallel process has been developed lo separate urantun Py 





proloactinium-233, and thorium from wrradiated thorium (13) Precipitation processes using 





BiPO, and LaF; as carriers have also been used for plutonium recovery (1 





Such aqueous processes give the extremely complete decontaminations (separation factors for 





radioactive nuclides of 10° have been mentioned) necessary for the direct handling of recovered prod 
. / j ©, } 





icts uithoul shielding as is necessary in manual fuel-element manufacture (1 






) 


virtually maintenance-free 





Several re quirements namely ] shielded remote ope rationa 





design, (3) avoidance of critical mass accumulation / complete decontamination. (45) freedom fron 






escape of radioactive nuclides, and (6) high recoveries set by the values of materials, result in processing 






facilities and ope rating coats that are much more ¢ rpensive than conventional induatrial chemica 





operations For ¢ rample a capital coat of $6,000,000 has been estimated for a plant treating only 






a half ton of irradiated natural or slightly enriched uranium daily (15 






In provements in aqueous methoda are to be ¢ rpected Hlowever,. coat reductions n ay be limited 





hy low solulnlities in water and organic solvents since this, in a general way, indirectly determines 






the ph ysical size of the plant In addition, there are indications that intense radiation decon poses 






ome processing age nts for ¢ rample water decon poses toh ydroge n and orygen creating an er} foaiwe 





hazard (16 This means that radiation dan age might prevent or at leaat complu ale. the applica 






lion of Aqueous technique s lo freshly irradiated materials 

























THE REQUIREMENTS Of reactor fuel ucts will have significant value and loss of the product by either neutron 
recovel na make unusual demands will have to be taken into greater capture or radioactive deca 

on ¢ ting processing methods (see account in determining processing Phe proce ny load ma be very 

ection on Aqueous Processing’’). methods low, as with the high-burn-up natural 

Certain nonaqueous processes have Fuel and fertile material from mining — or slightly enriched uranium reactors 

pee! posed as alternate separation and refining uranium and thorium ores which might consume 1% of the total 

techniques Qne general type which is the alternate source to reactor uranium before processing (equivalent 

temperature processing pyv- processing, will influence the processing to about 10.000 megawatt day ol 

I essing ich as molten-metal picture, but the effect is difficult to irradiation per ton of fuel } As an 

f ilt extraction and slagging evaluate. Whether or not there | example, if the power-reactor design 

analogous to methods used successfully processing to recover valuable nuclides tudied by the Pacific Gas and klectru 

the etallurgical industries some sort of treatment may be justified ind Bechtel Corp. industrial power 

‘ ollowing discussion present to reduce charges for disposal of radio group (500 Mw, hea water moder 

‘ f the engineering problems active wast ited, light-water cooled, OO tons of 

el oned tor pyroprocessing An Processing load for a given reactor natural uranium vere operated at this 

‘ e ol such @ separation system 1s power level cat il vidlel ind 1s burn-up, the irradiation time would be 

. li r related to the wiiation time Phi roughly 1,200 da Thus, the entire 

Alt ig essing used fuel and may be deter rhe ! i number of batch of fuel would require processing 
fertile iteria normally considered consideration ich «a 1) loss in re only every three to four eal 

f iry part of the nuclear reactor activity from! n-product accumula Obviousl i small processing load can 

( t in on be justified for tion and fuel depletion; (2) mechanical lead to processing costs being a rela 










processing costs failure of the fuel or fertile system tively insignificant part of the total 





( than the value of the recovered examples being distortion of fuel unite costs of the reactor comple even 








( Current the concensus 1s corrosion of viding, and undesirable though the proce ng cost per unit 

t t the iiue of plutonium, uranium precipitatior fluid tems  } veight is large However t riyust ln 
2 35, and -238, and thorium will be optimum production of a nuclide, possi realized that reduction of processing 
gh ¢ igh to permit their recover Diy plutoniul Iranium-254, since costs in this manner ma ilso entail 






iltimately fission prod limited irradiation revents excessive vided costs for other operations, @.g¢ 
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long-lasting fuel ur Plant facilities. 
expensive ver-all plant size shou 

At the other extre: i mal For example, the 
large processing load hen t from the 1%-burn-up re 
irradiation time he tu sbout 100 lb of uranius 
tion could arise yv ‘ hie the order of 
fluid reactors, suc! ob n if the burn-up 
liquid metal-fuel reacts I } ti processing 
ite continuous ints ‘ , li be a matter of gall 
tem (4) Also I I than thousands of gail 
processing load m j | Ch m ght iM exper ted wit} 
tors designed to ha i f i olution sased on thi 
fertile material from y! tainers are estimated to be 
material is separated n foot or two in diameter and 
core, In addition, a r| roe ng high for a sizeable capacit 
load is necessary to \Z diatior equipment, a shielded cell 


from short-lived fissi: | cross and 10-15 {ft high 


viequate space 


General Considerations Shielding. Plant layout mi as nemtasiion ait 


Attractive aspect i oproe hielded cell of cireul 7 ylve | hydrocarbe 
are: cross section with a ¢ | shaf ow-Therm 
1. Materials are } rotated from the outside throu tar ne ieating 
form, leading to sma volumes id il The shaft would car: i jum resistor 
fewer chemical conversior p ble radial arm, supported | all: fresi discharged 
returning products t ind holding manipulators with ial product radiation 
which is often meta! ind vertical motions A tl o cause melting and 
y 3 Processing agent i nel teel welded cell lining possi \ | ( lered in desigt 
inorganic compounds tha t 447 to simplify welding, shoul pre Inert atmosphere 
tively resistant to ra on damag ided to minimize contami i 
3. Radioactive wa ! covered to simplil decontamination Th en 3 with } met ind 
in & more compact f fi roblems do not appear far different  \ to handle jum 
storage. from those posed by aqueous plant eas a littl diffier Oo attain 
Thus, pyroprocessing | equipment ind maintain 


] 


ultimate in compactne ) I Shielding with ordinary concrete phere Entrance channels or tunnels 


only practical way to | | | vould probably be best, although vould need appro ite g locks to 
irradiated materia! higher-density concretes may have : permit change of nosphere from au 
An unattractive featu he } intages in special arrangements to helium Som g cleaning 
cal difficulty in approaching the high As a conservative estimate, the radia system must 
decontamination obtained | tion energy in the average daily fuel mall exces 
schemes. If high decontamination i load from the first-mentioned reactor Scrubbers and 
not attained, remote operations v 100 lb) would amount to about 25 kw = coal absorbers sho 
the products may be feasible or aque: 11 Assuming an average gamma Analytical control 
techniques could be « lon for energy of 2 Mev and a point sources of sampling and ar 
ance, Also, there 1 be diffieul bout 10-ft-thick cell walls of ordinary 
engineering probles n adapting concrete would be required (12) to re 
batch technique of con I luce the radiation to tolerance 
allurgy, e.g., melting and tr Maintenance. Remote maint 
molten materia! é nance seems necessary New 
operations ment, not very large in thi 
Plant location. ocation of | installed remotely and con 
processing plant i I equipment removed remote! 
stricted than for other ty cau f rate shielded area for decor 
the relative absence of flu lio The remote equipment 
wastes. Since the opt in Z f used to charge and 
such plants should be sma han for products, and processing 
aqueous plants, perhay livid Direct maintenance, wher 
reactors can have their own pr ing equipment and its surr 
facility with the accomp ng ad decontaminated prior to mat 
tages of flexibility an lependen tenance, appears very 
from the operations of icl this type of process , 
individual retcenrd p nigt p Plant Pet Power Suggested Processing System 
an integral part of the reactor building trical, Electric motors would p xampl f the equipment 


80 a8 to share facilitic ind hence s met hanical movement tt I | I searv for hig! erature separa 
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e is proposed (see illus- 
extracting plutonium from 
natural or slightly enriched 
vith This 


solvent is based on the report 


molten silver. 


eral molten metals, e.g., cerium 
ict as plutonium solvents in 

tems (10 
iggested system, the fuel is 

he contactor; silver is added 


The silver 


unit 


the plutonium 
to the solvent recovery 
is vaporized away from the 
condensed in the contactor for 
The Pu is 


containe! 


rafhinate 


discharged to a 
The treated ura- 
discharged from the 
may be freed of solvent b 
ition if solubility is appreciable 
ng points are favorable, 


valves regulate the 
Graphite U 


eeze-thaw 
tubes sur- 
it liquid cooled hig! ire 
coil 


luction 
through the 


might be used 


coil would heat 

contained mate 

ve, Control of 
int of heating and cooling 
ve partially opened positions 
is, flow-rate control. EK 
fluidity of 


the feasibility 


yperi 


metals 


work on the 
of such valves 
<d U-tubes with the appro- 


quid legs would give vapor 


lesired 


Mechanical movement of materials 


ted to the transfer of solids (feed, 


d make up solvent 


I liquid In process 18 by 


ipor pumping” pro 
head In this 


certain mechanical equipment 


the necessal 


mple, that for lifting and pouring 


terial 1s replaced by heat 
is simplifying engineering 

ntactor described in this batch 
uply a pot container act 
with 


singté 
ily 


stage iwitation 
currents, density dif 


More 


would 


luction 
ol stirring efficient 
extraction require 
Possibly 

ettler or a column 
us to that used in 


<traction 


ited equipment 


schemes 
the appropriate re 


| 


ind he ited might ao 


ractions continuously 


could be 


to such equipment 


introduced 


Conventional unit operations used. 
Phe init and 


those 


operations employed 


the combination are exactly 
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widely used entional chemical 


engineering inal temperatures 


with materi vater and organi 


solvents reez ’* valves 

vapor-pumy retractory 
materials of co ruction permit these 
operations at temperature 


Appli 


on the availa 


ition of s device depends 
that is 
treated 
e the 


treated 


solvent 
immuseible he material 
and that | i I point abov 
melting po ol e material 
but well belo oiling point of the 
onent 


extractable Pressurizing 


would remo first boiling point 


restriction j is not attractive in 
view i the } I i ith construction 


materials ) in be 


treated 


lighter 
How 


en here is for a 


or heavier tl 


ever, the de 


lighter solven materials exceed 


the specific uranium (ove! 


Is If the ctant were a fused 


salt. e.g in alkaline earth halide, and 


the plutonium were extracted as a 


t hve possible to add 
earth 


halide, then it 


suffmient molten alkaline metal 


to the separated salt phase in the sol 


vent recove init to reduce the plu 


tonium to met 
(Choosing 


Construction materials. 


satistactor truction materials to 


withstand the high temperature and 
thermally 


most difficult 


the resulting corrosion and 
induced stresses appears 


Operating temperatures would be be 
tween the melting point of the feed and 
solvent and the boiling point of the 
solvent points of silver 
thorium are 
the boul 


S900, 3.235 


uranium, plutoniul ind 


OOO. 1.1438 Hou” 
ing points and 
over 3.000 ! 1) j i 17 Some 


differ- 


much 


reactor tue quits 


ent melting ) sib] 
howe! 
{i the best 


Crraphite high 


temperature and | ilso 
susceptor for u iction heating, but 
earbice forma ! ma prevent its 
ipplication ‘ iwh-melting metals 
Mo, Ch , re possibilities as 
ire the hig ’ ides Mg 


ZrO Phe I ila ire 


more s bye 


je) 
probably 
» from mechanical 


ind ther Lowering the 


boiling point 


ent by reducing 


the pressure would give more latitude 


in choosing of construction 


with added m-equipment cost 


Conclusions 
No fundamental ¢ 


)betacies appear to 


prohibit the 


appl OcesS 
ing However, consi | levelop 
ment is required Whether any pyro 
processes can ct mpets with the “jueOoUs 
bac ke 


Processes ‘| | ey 


probably be determine 

or operating-seale sti 
The primary 

that 


either pl 


complexes 
heen 
military pow 

nent, 
had to 


Inarine or rest 
Current aqueous prov 
be tailored to 


the w 1) il ft tesion 


these under 
written by 
relal nu 


able material 


clear-reactor rted 
the » of pow 

can be deri 
require either 
which the gove 


ments or new 


suthore 
developed for I’ 


as a baata for this 
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Calibrating a Neutron Facility 
tor Biological Research 


This convenient facility provides 9.0 10° thermal or 2.3 10° fast neutrons /cm’ /sec 
with low gamma-ray contamination. Calibration techniques include a new 


graphite ionization chamber for gammas and Hurst's multifoil technique for neutrons 


/ 


By H. J. CURTIS, S. R. PERSON 


F. B. OLESON, J. E. HENKEL, and N. DELHIAS 
Brookhaven National | plo \ } 


; 


Bor FAST AND SLOW 1 ons pro uwtivity, and the known neutron cro x 10° n/em c on the top shelf 
duced marked biologi fee ection of gold, the neutron flux is cal nh. up rhe presence of neutron- 
The basic mechanism yh hese culated [t is felt that these values are bsorbing material nological material 
effects are produced rgel iccurate to within 5Y, Ata 26-M only mildly absorbing) will of course 
To study thes ‘ j power level the flux at the bottom change the neutron flu 30 for accurate 
NECCOCSERAT\ to have I Teil ! the empty Lucite expo ire bo 34.0 >» [ n iry to puta foil in with 
source of both fast and neut O° n/em*/ sec Since the flu is a ( I LIM ple 
uncontaminated wit! er radiate fected by reactor power, control-rod Fast neutrons ist contamination in 
Such a facility has | op pattern and reactor poisons, as we ’ the r column is estimated from 
Brookhaven. Its design, con local neutron absorbers the flux should rT dmium ratio, the ratio between 
and calibration are discussed | be measured with each exposure he flux as mea | by a bare gold foil 
I'he foil measurements give the total ind one ¢ heet of cadmium 
Flux Calibrations lose delivered to the material, but it! e cadmium ratio has been found to 
Here's how the i ( necessary in many case © deliver a ) bout 4,000 at all times, and thus it 
present in the biolo il fe ( predetermined dose to n reasonable to say that the ther- 
measured, It has been found that the leakage nal-neutron facilit incontaminated 
Thermal-neutrons itror i of neutrons coming through ho ! th epithermal or fast neutron 
is estimated by on the top of the elevator shaft is propor Gamma-ray contamination in thermal 
duced in a l-cm? weighed k tional to the flux inside tl xposur column. ‘The gamma-ray leakage from 
foil exposed along I rn i ivit This proportiona 3 | } I srook n reactor core has been 
The induced activit ed letermined, and a By coun ound to be abo »,000 rep/hi hight 
either an end-windo ) ) tors the leak we neutron rom whit rete 0 y j will reduce these 
scintillation counter in estimate can be made « ado yamma I ou factor of 1,000 
The counter ure band | | lelivered to the material I il I \ me ramma-ray con 
the coincidence-countil ) lelivery The proportior imination in tl posure cavity from 
The activity of gold foils deca quit depends on a number ol 
rapidly; therefore it the me of ind ire difficult to estimat nd so do ol ! re gamma Vs 
ardization the response ol co ‘ estimated from the leakag I ron I eur | ! l he thermal 
to the essentially unchanging a ire not as accurate as tho mn men his com 
of a uranium source is mi red from the foils, but the I ent is dif ecause of the high 
source serves as a continuing ches iseful purpose eutron ux lso =opresent 
the constancy of the counte: rhe flux is essential! 
From the exposure time of the f ny horizontal plane 
accompanying the experimental mat ivit but vari in a el i ! ( il m 10 essentiall 
rial, the estimates of their absolu yn In one representative rut one employe irden and Shepp 


iried in an exposure be from ) made of boron-carbi 


* Research under t " 
U. 8. Atomic Energy ‘ x 10° n/em ) n gnated Luci vith walls thick 
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The Brookhaven Neutron Facility 


)-ft-square section was removed from the top si 

Seed 

F container 

layer of lhnamuth at the bottom absorbs a Neutron 
1 rays from the reactor while letting throug! ' exposure 

cavity 


reactor and the thermal column substitu 


tand slow nm itrons The 1-in.-thick bismuth hoz i 
ling the actual ¢ rposure cavity absorbs some, but not a 
jamma rays generated by neutron-capture reactions in 
hate 
ectior of graphite immediately over the exposure 
an be lifted by a power hoist into the shielded shaft 
e the column The top of the lnsmuth box 1s fastened to 
hotton of this graphite section and a graphite platfor) 
ported below this tiamuth by means of magnesium rod 
} 


Vaterial to be irradiated is placed in a thin plasty 
in. cube It is then lowered into the tunnel and pushed 
F 


on brass guides until it is on the graphite the container box out of the tunne har swiichea on the 


q the tunnel 
tform. which haa been brought up to the level of these quide hoist mechanism automatically stop the graphate plug and 
The hovat then lowers the section in place The process 1 platform at the correct positions euther up or down Vaterial 


eversed to remove material, a vacuum hook being used to pull can be inserted or removed routinely in le than 10 seconds 


1 sheet of cadmium immediately over the thermal column 
and lining the elevator shaft eliminate s neutron eakage The 
jin, steel plate s reduce gamma-ray leve outside the facility 
lo well he lou tolerance /t is pos ih ‘foran opere lor lo work 
at the facility continuously without overex posure 

There are some holes in the bottom of thu exposure cavily, 
and aur is sucked through the cavity by the negatwe pressure 
exvating at all times within the reactor Thi pa the cavity 
well ventilated The cavity vs at roon lemperature dime | 

Fast neutrons. Fast neutrons are obtained by placing a 
fission plate in the exposure cavil of the thermal 





column The plate 4 1? n diamete j cm thick 


and abaorbea 906 ©, of the incident therma Ietually 


‘ 





plate i placed in the bottor i the exposure 





and then covered by a l-inchet ‘ muth plate to 
8,C- piost out some of the fission gamma material lo be 


F Thermal-neutror rradiated is placed on top of the bis ple The expo 
shield ’ 


ire hox 18 then inserted into the er posu ie the usual 


<nhe 
oat) 

i 
Lb Li Bi shield 
sol pay 
Reactor The fiasion plate becomes ver wlioa even a short 
Exposure cavity shield / 4 


exposure, therefore, when the exposure t finished, the box ta 


Bismuth 


quickly brought to the end of the tunnel and the material 
60 in yuickly removed The box ta then pushed back in the tunnel 
and allowed to decay for ahout an hour \fler thia it ta 


removed to a lead aafe 


Ventilating duct 


Reactor lattice 





no neutrons can tion curve insid Che second by Brennan 
does not screen 1s that the ron creates a neutron sink method, ion 
any appreciable which decr : neutron flux and measureme 
reen condenser r-meter consequent gamma-ray contami metalhe lith 
of Standards film nation | | column s one is the neutron 
placed inside the rccounter » and AN ASSOC! 
gamma-ray dose mall bore boxes The error of the method } itron flux 
has two inherent gammar mination asestimated depression | resence 
is that there are is method probably of the order the lithium 
ociated with neutron | I ! error, boxe 
these can be ac- The cond method used is the ing different 
it ol method dese rnbed fut h with ,' 


inning a lead absorp- 
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The neutron flux is 
found to be neglig 
The ionization 
measure the gam 
Landsverk midget 
ranges of 5, 50 
found that the wal 
chambers was great en 
equilibrium with seco: 
gamma rays, and nee 
were always urrounde 
they must have been t! 
equilibrium with seco 
4—h-Mey gamma ra 
In addition te 


chambers, film 


column 


designed by 
These have been 

independent from 150 
Mev. Result 


are not as accurate 


obtain 


bers, but are in ¢ 
It was determines 
shields produced 
tion of the gamma 
of one such run are 
The chamber read 
against the surface are 
boxes On theoretica 
show that if the gamn 
nate as a result of neut 


graphite, and if it is an in 


medium, then the plot of 


rate vs, surface aren 
straight line and thus it s! 
ble to extrapolate accur 
Howe 


that these condition 


surface area 


and so even beyond tl 
shields completely ab 
neutrons, the curve 
line In order to in 
polation, lithium be 
walls were constructed 
was made of the error 
ing caused by the know 
age in each box. Tl 


made and has been 


Surface Area of thier 


FIG. | 
area of lithium absorber in the thermal 


Gamma-ray dose rate vs surface 


column, Arrow indicates point at which 


total neutron absorption takes place 


On this basis it 
extrapolats lho 
condition TI j 


depend upon the t 


neutron flu 


| 
sed and the 
Graphite ionization chamber A tl 
nethod consisted of direct 
ent of the gamma ra flu 
ionization 
tructed at thi 
er and Olsen (// I] 


te chamber on the end 


i pecial 


laborate 


robe ('() ar ] 
through the chamber during net iif homogeneou 
These 


nsitive to neutrons it quite sensi tre 


urement chamber \ I ne would expe 

iit of neutron ¢ i} ture re 
tive to gamma rays A hole was drilled n graphite 
through the top shield and 


ible graphite plug BO) 


rem Neutron calibrations in the fast-neu- 


tron facility. The fast neutrons are 
n the | plate with the well 
pectrul T he 


muth 


be inserted direct] j po rime 
box. The 


ring to 


prob ontained wn fission then 


eliminate extraneou me through 1 but this 


ind ionization ind mice if ) j if I sper 


low-cross section material 


thinne: eliminate the addition more 


1 estimate yamma ra Currents were read on a 
electromete! imber 


itron Vil calibrated with a 


nber read pecial 


puree 


Under the ime conditiol 





TABLE | 


none 
Cd 
K 
B,¢ 


none 


* Measurements take 
Thermal-neutron flux 


Foil Measurements of Fast 


1.000 « 
1.000 obtairnes 
O.1 Me 2.3 i ) 1e id the energy 
» Me l } pectrum ‘ Dl oim Table 2 
Me yp re the figures 


energy ranges 


on spectrum ob- 
graph integration will 


1 that about half of the neutrons 
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ial or epithermal. The re- 
‘r are somewhat degraded from 
sion spectrum, but not seriously 
Che fast-neutron flux, considered 
part having an energy greater 
Mev vas 2.3 & 


these 


10° ny /em? 
conditions 

i biological point of view, fast 
having this spectral distribu- 
between 20 and 50 times more 
Calde- 


thermal 


e than thermal neutrons 
Thus, if fast 


ire present in about equal 


and 
is they are in this facility 
hermal neutrons would contribute 
ibout 5% to the total biological 
biological purposes the 
rgy spectrum is essentially 
the fission spectrum, i.e., the 
ority of the neutrons have energies 
yeen O.5 ind 240) Mey 


r monitoring the facility it is con 





~ 
| tenets above fission plate | in 
2 


= : _ a 

= fa eerlaelenee 
« 

= 1 4 in 


NT 





2 1 18) ! 2 
Distance from Center (in.) 


FIG. 2. Variation of fast-nevtron flux 


across horizontal planes at various dis- 
tances above the fission plate. Fluxes are 
measured by sulfur foils and are propor- 
tional to the total fast-neutron flux 


ise sulfur foils and to assume 
pectrum does not change with 
el, et One can then multi- 
reading by the appropriate fac 
e the fast-neutron flux 

ilues of fast-neutron flux given 
above the center 
the flux 
function of 
This is 
2. The 


rapidly 


4 point 3 5 1n 
inte Unfortunately 
onsiderably as a 
n the exposure box 
n the curves of Fig 
on flux falls off very 
tion of distance from the pl ite 
* much more uniform across 
plane The thermal-neu- 
lightly as a function 
1 the plate and is essen 
veyond a distance of 
thus considerable ad- 


VorkKing it a distance ol 
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TABLE 2—Fast-Neutron Spectrum 


Per cent f il 


of total flu 


ahove U 





i the plate, even though 
this 


about 3 in. fro: 
the flux is considerably lower at 
distances 


the fast- 


rhe gamma ray con 


distance than at closer 
Gamma 


neutron facility. 


contamination in 
tamination has been measured by the 
graphite ionization chamber described 
earlier and found to be approximately 
420 rep/hr 


Comparison with Other Facilities 
The 


fairly 


neutron flux indicated are 


convenient for most biological 


An acute 


neutrons to a m 


work lethal dose of thermal 


ouse is delivered in 
about Ib. hor ind of fast neutrons 
in about 11 mit \lore resistant mate 


rials such as dr eeds require much 
longer exposure 


The 


very important trom a biological point 


gamma contamination is not 


of view Depending on the material 
under test, the gamma ray dose is 12 
20 % of the total biological effect in the 
In the fast 
it amounts to between 
that the 


facility does not constitute a pure neu 


thermal-neutron facility 
neutron facilit 
Sand 12% These indicate 


tron source. but eems to 
reasonable compromise 
two other comparable 


One is at 


There are on! 
facilities in this country 
Oak Ridge 
flux is about 9.0 * 10% n 


shout 490 rep hie 


where the thermal neutron 
em?/see and 
the gamma ray flu 
8). This higl 
makes 
Irom a 
other is at the ‘ 
and has " on flux of 1.8 * 10 
flux of 
method 


yatnma contamination 
limited usefulness 
The 


Alamos water boiler 


it ol 


point ol view 


biolog i 


n/em?*/ se I gamma-ray 
1,480 rep rapolation 
itron basis the 


about the 


On a com il ne 
gamma-ra ination | 
same in ! roo ven ind Los 
Alamos facilit 1 both cases the 
rom the reactor 
ind the 


those 


primar LZ 
have beer hieldes 


' 
only gamm i p! ure 


from neutron capture n graphite, 


which are proportional to the neutron 
flux 

Ihe fast-neutron facility of Argonne 
National Laboratory ha 


scribed by Vogel 1s 


been de- 
It is patterned 
after the original fast-neutron facility 
at ORNL and 
at the end of a 


uses natural uranium 


thermal column as a 
fission source | he flux I 
tenth the flux in the 


facility 


roughly one- 
Brookhaven 
and the gamma-ray contami 
nation is about the same on a percent 
age basis 

Various 


ators 


types ol weeler 


part le 
have been used as fast-neutron 
hese have 


ility de 


sources for biological use 


some mlivantages over the fac 


scribed here, notabl n giving mono 


energetic neutron However, in use 


the monoenergetic neutrons give rise, 


in biological materials, to protons hay 


ing energies covering a very broad 


energy spectrum, Thus, except for 


little is to be 


very sper ial Chest er 


gained by the use of monoenergetic 


neutron sources, and the ease, depend 


ability, and accuracy of the facility 


described here make it far superior to 


accelerators for biological work 
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Slow-Neutron Capture Radioisotopes 


Arranged by Half-Life 


By R. C. GEIGER and R. C. PLUMB 


Aluminum Clon par 


New Kensington, | 


The secompar 
order of ineres 
topes which ire Ki 
by slow-neutror 
transmutation 
lives of other isots 
ment that can bn 
by neutron irra 
parenthe Sb ilte: 
table is useful 


I otope i lor ¢ 








> min Th 
U9 (2.4 X 10° y, 7 
x 10 
Sm 100 d, 47 h 


123 d, LS 5. 57 I! 


250 d. 27 
Ih0d. 10d 
> 400d 


{o' 25 


\lo! 


Zn 
52 n 

2.27 A]?8 

2.3 min Ag' 
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/ solo pe 


/ oto pe 





120d, 10 y 
Yb 12d, 32d 
Nd'4* (11.3 d 
\‘ 35 d, 265 y 
Dy'® (1.3 m 
Nit 
Mn* 


65 d, 53 d) 
53 h, 6.7 h 
m, 5.1 y, 48d 


2.3 Y) 


6.8 d) 


28d, 41d 
Br 35.9 h, 18 m 


Cd 9 m, 5.1 
13. d, 53 h, 2.9 h 


Mo (2.8 d, 14.3 m 

ker 9.4 d, 2.55 

X¢ 5.3 d, 3.9 m 

Ku 

l'e!?! 110 d, 5S d 
110 d, 33 d, 72 m 


30 h, 25 m) 


Ge"! 11.3 d, S2 mM, 57 


K4? (1.3 & 10° y 

5.14 m 

Pd! (22 m, 17.0 d 
Zn® (250 d, 52 m 


2.2 mM) 


Cu 


Ga 20.2 m) 

Na?*4 

Zr®’ (65 d) 

Gd!** (230 d, 3.6 m 
Re'** (3.8 d) 

Pt!’ (4.3 d, 31 m 
Ir'** (1.4 m, 74d 


140 d, 73d 


n 112 d, 14.5 d 
250 d, 40 m, 130 d 
10m, 10d, >400d 

L's 110 d, 58 d 
110 d, 9.3 h, 33 d 
72m, 25 m 

() , Q7 d, 16.0 d 

Ce! (140 d, 32 d 

Kr7* (4.4 h, 9.4 y, 


4ém 
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60 


HD day 


i6h, 18 m 


100 d, 24 m 


2.9 h, 6.7 h, 


5 l .- 13 d 


Re? (18 h 

Yb 1, 32 d) 

Pt ISh, 31 m 

( 152 d, 8.5 m 

bi 

Xe 913 h, 3.9 m 

Lu 7h 

her . 20 

on 112 d 
2 Vd 27 Sh 
130 d, 10 m, 
»400 d 


Nd'* LS h 
82 m, 57 8, 12 h 


10 y. SD Ii) 


7.5 h 


112 d, 250 d 


27.5 h 
10m, 10d, >400d 

QO 97 d, 31 h 

Pd 13.6 h, 22 m 

Rb* 17.5 m 

Cr Oo m 

Cr 140 d, 34h 

12d 


Ss ad 


LS h 


935 h, 72 m 
yrs 
1.82 h 


Sd, 4.5h 


4 hy MM) Iii, 


9) hi 2.9 h) 


> SO) hy H5d 


110 d, 110 « 


$d, 72 m 


2.80 h, 53d 


14.5 d, 


10 m, 130 d, 


110 d, 


0.4 


10 
12.4 
265 
5,570 
1 xX 
7x 
t xX 


x 


4 


10 
10° 
10! 


10" 


1)” 


00 m 


16.0 d, 31 h 


le'™ (58 d, 110 d, 
9.3 h, 33 d, 72 m 
30 h, 25 m 

le! ’ 5S ad 110 d, 
9.3 h, 33 d, 72 m, 
30 h, 25 Ith 

lal’ 16.4 m 

Sn? (14.5 d, 
27.5 h, 40 m 
10m, lod 


"0 d 
mod 
> 100d 


Se’’ (18 5 17 m, 


57 Iii 
“7 S 25 Ih 

I'm 

Sn 112 d, 14.5 d, 
250 d, 27.5 h, 40 m 
10m. lO d, >400d) 

\W 73 d, 24h 

Ce! (32 d, 34 h 

Ca‘ t8 d, 8.5 m) 

Gd 18.0 h, 3.6 m) 

Sn'!* (112 d, 14.5 d 
27.5 h, 40 m, 130 d, 
10m, 10d, >400d 

Zn°® (13.8 h, o2 m 
2.2m 


2.5 1M 24.2 


17 h 24 Ith 


112 d, 
50 d, 27.5 h 
130 d, 10 m 


i” 


14.5 d 
1) hh 
10 d) 


K* 





Tissue-Equivalent 
lonization Chambers 





Here is the practical design information that 
made tissue equivalence something more 
than a theoretical principle—formulations 
TE duct j - j j j 
| TE. condveting for tissue-equivalent liquids, gases, 


t Webssterene and solids, construction techniques, filling 


procedures, and performance data 





FIG. 1. Chamber used in protection 

surveys 
By HARALD H. ROSSI and G. FAILLA 
Depa tment of Kadiology,* ¢ imbia Un 


TissUK EQUIVALENS i been ad ionization, additional information mu | on ma be furnished by 
cussed in principle (7) and ir or ; be obtained One ipproach = is O } sO iaN), It is prob- 
in previots article he I ol modify the composition of the material idl imp | oO duple ite this com 
design and construction of qui used in chamber construction Thu osition b mixture of solids at room 
alent jonization eh nber j wel in addition to trul ti ue-equivalen emperature oOwevel i resilient gel 
going on for a number of nd is chambers, this work includes chambe: yf he desired composition may be 
still continuing Wi n yroblen which exhibit tissue-like response to mpounded by the digestion at about 
remain, it is desirable to dese ome radiations, but are ibstantiall of the following mixture (per 
experience accumulated insensitive to others 
Since these chamber 

walls and the gas the signifiean Tissue-Equivalent Materials 
ments occurring in ti 
he composition ol olt 
portion, they may be u 
omewhat variable, but a goo 
mination of absorbed 
ionizing radiation I} 
lected is related to the et 

T.E.P Chomber Sensitivity (Radium Gammas and 
by the factor W (the averagy erg 

Po - Be Neutrons) vs. Time 

expended in the productio 


| 1.900 neutrons + 
> 


pair). Since iries little 


“gommas + 
nature and energy of the primar aed i 
izing particles, these chambers respond *-3 gammas 
to a wide variety of radiatio: 
essentially equal efficien 
When radiations of different | 
cal effectiveness ucl 
gamma rays) oecut mu 
biological effect to be « 
pend not only on the 
also on the relative 
ponents of high and 
tion To assess the 
the total dose eS ee i i 
12345678910 20 30 x 
* Based on work pe ‘ é Time after f g (Days) 


tract AT-30-1-GE) 
Energy Commissi FIG. 2. Sensitivity of protection chamber os a function of time after filling 
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‘ 


> of formaldehyde re- ability of using a plastic instead of the actual readings observed at various 
i material of sufficient rigidity gel is obvious, but in this case most of neutron energies were as follows 
is the lining of ionization the oxygen would have to be replaced 


Neutron ene rgy 
by carbon. Since the neutron cross 
A { Ver 


Ratio 
1.10 
1.05 
2.5 1.07 
14.0 1.05 
Po-Be 1.04 


Fission spectrum 1.05 


f evaporation such cham-_ sections of these elements are rather 
hermetically sealed. This similar over a wide energy range and 
no particular additional re- the energy absorbed by these elements 
1) since gas impermeability must is small compared to that absorbed 
any case because of the by the hydrogen in tissue, there was 
hiling required However, good theoretical justification for this 
ity inside the chamber is approach 

100%, and this can lead to The first attempt to compound such The agreement is believed to be within 

difficulties. Nevertheless, it a plastic was made by one of usin 1945 — experimental error 
found that plastics of high by mixing powdered polyethylene, cat The plastic as supplied by the Mar 
polystyrene, polyethylene, bon, and ammonium nitrate in the de- kite Co. has excellent conductivity 
iorothene) provide very good — sired proportions and then molding However, since no molding powder is 
inder these conditions, when under pressure and heat Pests indi ivailable, it is necessary to machine 
oroughly cleaned with mild cated that the mixture was not quite chambers from solid blocks with con 
iter and repeatedly rinsed homogeneous from the surface down siderable loss of plastic Remolding 
iter to make sure that and that the conductivity was not of chips or shavings has led to very 


detergent have been alwavs as high a lesired Therefore erratic result ind’ in the majority of 


these chambers is also 
sient The desired com 
he obtained by a variety 


different gases. How 





LISSOLVES carbon dioxide 
! this gas cannot be T.E. plastic 
, or Tetion 
the bulk of the oxygen 
proper atomic composi Teflon 


oxygen is introduced _ in clearance 
Aluminum 2 








is explosi e, but “Slotted nut 
we have had no 

account A tissue 

have found satisfac- FIG. 3. Medium-sensitivity ionization chamber 
the following mixture 
partial pressure 
when the problem Was taken up again Cust 
in 1949 it wa I ded to have the obtaimmes 
plastic prepared \Markite Co.* A tissue-equivalent plastic that 


38.1 ¢ 


: The composit ol material | might be molded into any desired shape 
! } 
« i 

percentages | veig! vas produced b Federal Telecom 
these materials Hyd munication Laboratories of Nutley 

- ; ydroge! 
cellent long-term sta N. J. under AEC contract Chis mate 

Nitrogen 


» leakage Paci ; rial may be molded at 275° F and pres 
that by using a gel a 86.49 ures up to 2,000 psi Molded piece 
ipproximate the atomi have good surface conduetivit but 
i tissue as closely as wrdet equivalence of volume conductivit 
Therefore, the inte! the plastic an y i series Of Hence, little machinin 
radiation with the experiments | verformed at the Los formed on molded p 
the same as it would) Alamos Scientif wratory in 1950 ruption of critical 
sue, and ionization in which gel and t hambers were Phe tissue-equi 
pe are satisfactors exposed 0 irving ener ubsetantially the 
1 of absorbed dose « ne lroven content of erties as 
ition | gel v ] it of the pia ti labricated of 
radiation sati uml ould have read = combination 


} | 


e Ob : 0 ot ttl I applying pins hould 


ence ia ] 


duplicating the rd tiot fe the ibout | ae 
I tissue ing pons ! nents traight or tar 
umber, which could . drav 
lard, it became po 
substitutes for the 


ent material The desir 
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LOSS 


mpensated 


iter 


iy 
4 
’ 
} 
J 


> 


Special Wall Materials 


ther! 


Gas 





reservoir 


Polystyrene 





TE. plastic or 
graphite 


eee ttetigenpntngntineeengngnngstneetngtlanetngtings/ pin 


Aluminum 











Lr 


FIG. 4. High-dose chamber (A) and its dummy (B) 


pin that removal y ( Water 

impossible Glycerol 
The main deficien ( | iteria Urea 

is marked gas adsorpti h, | Sucrose 

ever, appears to 

molded than ma 

Nevertheless, unl 

high ratio of volume to 


Dosimetry of Mixed Radiations 


in internal pressure 


and the calibration Biological objects ¢ pe 


term variation orvgun Thermal 


us permeability olons from the 


for thicknesses of the i y)H*, git rise ti $M 


less Of unavoidable ontaminatline 


Oce ( ori 


The gas in the char 


the same atomic co nl chamber 


Cun 


wall, Because the neut / 
insensitive to change 
oxygen ratio, it is po 
dioxide a8 a major Leflon and the gas CO 
gas and thus a nonexpl m jamma radiation o7 
We } ou the relatiwe magnitude « 


oblained with the three 


can be obtained 


following mixture 
high capture croas 


'R t+ B)n ay bt 


centages by partial 


Methane 

Carbon aio ¥ In the case of ja t ve 

Nitrogen ’ in tissue, but energy take 
pam CLonseq iently. the grapl 
This mixture doe 
particularly at high re 


electronegative gas é 
aminatior with hia wv 


saturation 
In depth dose stud 


sirable to move ior 


exrperver 
con paral r 


alent wnid 


ehrough a= chemica 
equivalent liquid 
(percentages by we 
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nd cooling them slowly, prefer- 


an atmosphere of CQO, 


Other Construction Materials 


that are 


int fluxes of 


Chambers not exposed to 


thermal neutrons 
ontain metal conducting members 

ed these parts are not exposed to 
Aluminum has 


ble volume 


*xtensively because of its 
machining and com- 
large thermal expansion co- 


ich more nearly approxi 
e of the plastics employed 
been fabricated from a 
Minimal 


akage appears to occu 


Monsanto 


I i f 
plastics radia 


particularly 


Design Criteria 


Since secondaries produced by neu 


ve high specific ionization, it 


le to design chambers for 
In cylindrical 
should 


large diameter in order to 


ion collection 
the central electrode 
radial variation of the electri 
irp points and edges should 
This 
re the 


also applies to insice 


electric field would 


dsorption, it has been 
sirable to expose only 
of conducting plastic 
High-dose 


small collecting vol 


irlaces 
llecting volume 
h iving 


made with built-in gas 


ras diffusion through walls 
rk. plastic, a wall 
has been chosen in 
For fast 
ries up to about 20 
vhat 


mintinum 
ol 44 In 
neutrons 
Mev this 
more than an 

Hence ich 


essential] i 


uesigns 


Some 
m thickness 
Vill record 


on dose It 


design chambers that 


is Ol course 
nu 
ption, scattering and build-up 
rnal radiations and such designs 
een 


employed, particularly in 


with thermal-neutron 


e been found to be er 


However, because of 


complexity of constru 
have been made to develop 
/ 


s of sealing. In particu 


techniques have been « 
olding insulating and con 


members in 


kfforts to 
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solid gus rht 


bond metal to 


been too 
of differ- 
Never- 


mbers have been built 


dielectrics have not 


plastic 


successful primal because 


ences in thermal expansion 


theless, some cha 
in which aluminum and polystyrene 
were molded to form coaxial cylindrical 
elements iluminum Casings 


ImVOl hy 
of 45 in. o.d, and 4,6 in. wall and cen 
tral conductor « in. in diameter with 


intervening taken up by poly 


styrene ( innealing at 70° © 
eliminates ¢1 ng of the plastic 


Mlore recent 


demonstrated the possibility of molding 


experiments have 


similar members made of conducting 


polystyrene and insulating polystyrene 


rhe conducting poly 
molded at 275° ¢ 
two 


styrene parts are 


{ 


irom a mixture o 


parts t eight ol powdered 
polystyrene and one part of graphite 
Well-fitting insu ors are 


also molded 


or machined The parts are then 


issem bled piace d in a closed mold and 
heated at 275° | During heating the 


pressure may rise to more than 15,000 


psi. Diffusion of graphite is so slight 
that layers of insulating 
Lie in. thick are ntirel 
although the 


side to 


polystyrene 
satisiactory 
bonded on either 
conducting polystyrene 
In some desigi chambers with 
polyethylene insulators have been heat 
inits with no other 
Gas fill 


prov iding i 


sealed as complet 
sealing techniques employed 
accon plished by 
d hol 
itor, pl 


was 
drille 


ethylene insul 


ing 
small through the poly- 
wing the entire 
which could 


filled 


sealing 


chamber into an enclosure 
with 
the 


of a heating element 


be evacuated and then 


tissue-equivalent ind 


hole by 


inside the enclo 


mean 

\ high degree of 
hive ved 
of thi 


sealing could be a but it 1 


difficult to refill chamber type 


Survey Chambers 


Fig. 1 show of a chamber 
P-Mode 


Bee 


onne!l protection 
volume to 


little 


ause ol ugh ratio ol 


Khibite 


suriace ! model ‘ 
change of internal gas composition 48 
evidences ponse to standard 


gamma ZOUrCeS Fig. 2 
indicates i I aro ol sensitivity 
soth P ] 


! for about one 


over a period of time and 
P-3 had Heen ¢ unter 
reservoir 


hour and connected to a gas 


for about four hours prior to sealing 
However, P-1 wa 
for the second time 
lor the fir t t rie 
tion with 


P-] It is to noted 


filled in this manner 
while P 
Hence 
somewhat 


that for 


3 was filled 
the varia 
less for 


both 


time | 


chambers, neutron and gamma response 


in essentially the same manne! 


that the 


vary 
This 
' 


gas (methane) is adsorbed at 


hydrogenous 
ibout the 


indicates 


same rate as the entire gas mixture 


Thus changes in sensitivity to gamma 
rays as well as neutro! ire equal and 
may be determined the use olf a 


small calibrating sour hor this pur 
pose we employ a |l-mg! ource 
placed on the eylindri on top 
of the chamber 

inrad ring 


so that dose 


This chamber embor 
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Thermonuclear Power... 


NUCLEONICS here offers two views of thermonuclear work going on. The 
first are photographs of Princeton University’s Project Matterhorn and what 
can be told about activities there. 


Very little can be said about the research 
itself. The second shows unclassified research at other laboratories on ultra- 


high-temperature gas discharges, one of the crucial problems for the attainment 
of controlled fusion power. This research is not centrally directed, is not 


aimed specifically at the goal of achieving fusion power. Still, it could be an 


example of the kind of independent activity that might result in significant 
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FIG. 2. Only visitors with Matterhorn clearance are permitted 


inside the buildings. The guards, who obligingly lined up for 
NUCLEONICS’ photographer, are normally inside 
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_.. The Search for Ideas 


future contributions. It certainly serves to make more concrete the type of 
experimental problems faced in exploring thermonuclear power. 

We hope this article will serve to satisfy curiosity as to what Matterhorn looks 
like, that it will arouse curiosity as to what goes on within its guarded doors. 
We think the unclassified work demonstrates that fusion reactors will be very 
different from fission reactors. It follows that there will be a lot of learning to 
do if controlled thermonuclear power is realized. That adds a reason why 


there ought to be freer discussion of thermonuclear power. 
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FIG, 4. The Tufts apparatus for observing the pinch effect looks more complicated 
than that used by Vollrath (Fig. 4) but is actually very similar Copper wire shown 
circling the toroid is a sxiliary winding used to provide homogeneous magnetic field 


in other studies 
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Zirconium —What is its Future? 


Attracted by zirconium's low thermal-neutron cross section 
and good corrosion resistance, metallurgists have developed 
better alloys and improved fabrication techniques. Still 


needed—cheaper metal, more mechanical and corrosion data 
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Reactor-Grade (Low-Hafnium) Zirconium Products 
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reactor-grade Zr and 
In Bridge 
oderate production of 
20 ft 

Co. Independent! ol 
Kawecki has de 
Although now 
facilities could 


ition 
and 
tilable 56 

e! 

b ength i} 
awecki Chemical 
veloped 


cale 
» produce large quantities 
zirconium fluoride and 
should the 
process is sid to 
n method of frac 
“Zi Hf biflue 
reneva in paper 634 
In fabric 


i are 


hydroxide 

Phe 

tallization of and 
lescribed at ¢ 
Metals and 


ent one 


iting 
melting 


Controls Corp 
project 


and =zircor alloys several 
e placed Zr sponge in a mi 
se Metal and Contre 


ent of 


ium 

nor 

lel elem urant 
ot completel 
il-agser 

nount of 

or U-Zr 


decreas 


ingot 


ing 


ng designed 
| up to 2 O00) 
kull, of 

order 

ral metho« 

ng fuel ele 

scilities are avail 
ite corrosion re 

propertic 

, Calumet & Hecla, Inc 
concerned witl 

e has an eye on the 

rolling 


1 ty 


welding, and 


Zz other metal 
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Reactor-Grade Zirconium Products (Cont 
FABRICATED PRODUCTS 


Sper 
Bridgeport Brass Co. (Zr and Zircaloy 
kixtruded tubing Up to 3.0 in. o.d 
in. wall; down 
o.d , IY ly in 


down to 


Wrought tubing lhe in 


wall , 
0.020-in 
As 


down to sin 


wall 


tod extruded or 


Chase Brass and Copper Co., Inc. 
extruded tul 1 o-in 
o.d.; y-ly 


thickness, 


ersion min 


ing (con 
basis max 
wall 
ing on 


wall thickness 


Firth Sterling, Inc 
Sheet ba 


Forged billet I » to 625 Ib 
| 


Hot-rolled strip 0.100 mil min 
wide 
Cold-rolled strip 0.005 mul min 
Hot-rolled bat He} in 
10 in 


0.1 in 


diame 
square 
thick it) 


sheet 


Hot-rolled 


down to 0.012 
thicknes 

Hot-rolled rod . mm 

cold 


less 


Cold-rolled sheet 
min 
drawn 
ground 
diameter 
O.O10 in 
extruded —2!5 


W ire 
1 ubing 


iin 


diameter welded 


hy in. diameter 


drawn to 


eter 


National Research Corp. 


fabricated on ordet 


Special Zt com pone nt 


j 


machining and elding to close tolerance 


Nuclear Metals, Inc 

Zr-clad fuel element i" 
large-scale prod 0 price 
Typical sample tubing lot “K-36 in 


O“:.000 in. w 


ull products wire heet 


son inquiry 

od 
all 
lin. o.d., 0.020 


wall 


Sylvania Electric Products, Inc. 
Bid 


vell as other te hnig 


on specilic iter ich as fuel element 


Calumet and Hecla, Inc., Wolverine Tube Div. 
lubing 


Damascus Tube Co. (Zr, Zircaloy-2, Zircaloy-3 
Welded tubing and pips ASTM bgt 4 in 
spec’s or other 


0.042 


in., 0.042 


wi 


x in 


6000 lb rolls 
thickne 


in 
and 
to 


diameter 


‘oe in 


ind 0.020 in 


prepared to guo on 1 re 


od 
0.072 wall; l-1l4,y 
0.083; 1h 
0.083 


, a-h Jobs quoted indi idually 


to 2 in 


ill 


0. 100-10 


o.d., 


drawn 


round 


Zr and Zircaloy 
id., § 


inh. thin 


cle pe nd 


100 in SOO th 


II Is 


ter, ! WO ih, SVO.15 
i 


Wil S37 O05 
. WO Th, 845/11 
Wib, B00/th 


min 


diameter 


center 


, in 


Price on 


ww it 


request 
4 in $55.00/1b 


ys Wit S11ooo/tb 


both re 
diam 


wall 


juiring 


rods, tul 


0020 


Oo 100 


Zr and alloys 


On 


0.042 Represent 


in per LOO Tt 


a1 sag 
- wie 





4-25 ppm. Surface 
cally applied prior t 
in 750° F 


have any effect 


steam, doe 
Corrosion behavir 
at 1,500 |b/in’, wit! 
oxidation in d 
analogous to beha 
750° | 


rosion resistant to d 


Pure ¢1 


resistance is lost in 
No corrosion cle jo 
Wii 


found in 680 


Ib/in*) or in 680 
Ib/in? However 
steam at 1,500 |b 
post breakdown co 
The 


shows inclusion 


Reduction 


All low 
for AEC and comme 
now 
W.W 
Co.) explained how Zrt 
this method at Car 

(Juality-control 
about two-thirds a 


microstructure 


hafnium z 


produced by thy 


Stephen Cart 


direct labor Involve 
Table 


maximum allowable 


the product 


most part 0.01 % or | 
tions are iron 
nesium, and ehlorin t ft 
are removed almost 


the metal j 


specifications are 


melted 


tremely rigid qualit 





TABLE 2--Max. Sponge Impurities 


Weight WW 
Klement ‘ 


Hf Ol 
{| 007 
ih OOO! 
Cl iM) O00 


Cy old 


he 10 

Pb OOS 

Mg OOO () 
Mn OOS ‘ 0 O04 
Ni MH, (n) 
Ti OOS 
\ O05 


(MMM) 


Brinell 


melted in inert atmo 


hardness 





48 


ntermetallies of 


ni 
nt 


mer 


Ii 


Zircaloy-3. 


Ni and ¢ 
to Zircaloy-3 
0.40 


occur parallel to the rollin 
While these do 
cal properties, as me 


duetilit 


0.50 Sn 


mal test 
ition uch as shearing 
be imert ga trapped 
Zircalo 

COTTOSBIO 


te ) ile 


nperatures ti 


iniation of O-1.5 
fect on corrosion 
he and ( 

linpre 

be aut 


nore 


(’. Dalzell 
ent I) 


} tres 


AKC Rea ( | i that z 
round to 


commented 


laced on tl t could be 


} 


of Zr bel iVior, ¢ 


being damaging to 


impuritie 
The tandard { n ( in goal in alloy development 
opper 1s 0.03—-0.05 


Wi if nou 


the difficult 


neutron 
npomnt the 
1 the metal, not 
how 


peciication 


eribing 


onium 
lary in import 


techniques WI 


product 


ippl itions 


General considerations 


ition met 
ghen I 
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1 completely 1 


yr jor an hour at 


products are heated 
but very light-gage 
<o light 
better in an 


sections of 

nneal 

wuum 

from Ti in that 

be removed me 

viability not 
Ti 


ire or 


does 


flash butt 

itmosphere Be 
t with gases, the 
shielded 


Powder Metallurgy 


reactor uses 

conlum were pomted 

Svivania Electr 
il shapes for which 

of identical parts are 

il allovs: for Zr-l 


than 99% of theoretical 

ittained for all composi 

Zi he ind Zr \Ig 

iccessfully mace ‘ 

te materials; a mix 

powders has been 

ntered 

porou 

ibrication can be 
chniques 


Phe 


eliminated | 


ind sintering 


presintering, com 
The item 

This tec} 

cuts down 


ind provides higl 
material 
A blank is hot 
die and machined 
technique 1s suitable 
rroduction than the 
es considerable 
t high-densit 
Phis is suitable 
Onee the 
the 


and the 


or rods 
dated tee] 
tripped 
hniques employed 
ion This method 
trolytic zirconium 
ts high ductilit 
particle size 

After the 


Horizon 


Electrolytic Zr powder. 
.. 2 W yvatt 
ed ol ns latest data 
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obtained on | ‘ zirconium 
powder 
nvolves the 


salt bath of 


potassium 


electrolyvs 
sodium 
conium hey 1 to produce a 


coarse r on a metal 


cathode ie pro s withdrawn 
period Lil | sit removed by 


stripping ! ilt-metal mixture 


purified by fluosolids type o 
washing weighing up 
to 40 Ib have produced on a pilot 
plant scale 
he MAjo! 
150 


n nature con r of individual 


mater il is 10 


mesh vhat dendriti 


iwglome! its 


exhibited in 


erystallite 
Ixcellent proy 


ition lirect extrusion 


pow 


1 component pa ! p wwder-metal 


ipplie 


from the i the fabrication 


lurgy techni 

were pro 
cell 
first 


rato trolyti 
wo The 


cathode served as a 

move impurities normally leached out 
of a new crucible during initial opera 
tions A blend of the ith 


was evaluated \ 


other 17 « 


odes wuum-fusion 


inalyses showed interstitial Impurities 
0.088 & 0.01 


ol oxygen nitrogen 


hydrogen O.005 
Nitrogen 


Kjeldahl analys« 


value ire pro 
to ches 


ivailable, but previou 


metal were analyzed at about 0.003 67 


inalysl or a 


\ spectrographi qual 


tered sample of this composite is shown 
Hardie 


button melted on a 
heartl howed a 


in Table 3 determination 
on a J0-gm as-cast 
water-cooled 
Brinell value of 86 under a 


Ihe 


kg-load 


copper 
AMeke loud 
material was too soft for the 3.000 
determination on a pellet of 
this size 

A melted pell 


thickness of ;6 In. Vv rtd lle«l 


mn 
wekne 0; with 

cracking It « 
there 


Tht) € 
vhibited 


ifter 


reduced in th 
dence oft exclye 


considerable duetilit 


Looking Ahead 


T he gro wth of the demand for zirco 


factors: govern 


nium ce pend 


foreign pro 


ment 
metallurgical 


grams: collection 


data; improved 7 ng and fabri 


cating method ind i result of the 
former, price re These factors 


vere analyzed | \ sartholome 


Carborundum Met oO 
AEC program 
vork, this 


uding naval 


program ould have a mint 
mum requirel of 600,000 Ib in 
1Q57 Some ha estimated a fur 
from-conservative 2.300.000-lb demand 


The Atomic In 


1954 «a i 


Industrial power 
For 


trial bytane 


power imdusts 
] 
‘ large in 


fort 
obably 


1O04 tine i 


arge ' pr 
omething 
pending o1 


the trend 


urrent rem 


Foreign programs. | 


tor designs abroad do not incorporate 
Zi Pre 
follow the trend to higher temperature 
ind Zr. Also to be consi dl 
need for power, development of Zr pro 
ind how UL S oduc 


iffer 


umabl other countri will 


urgent 


duction tion and 


transportation cost 
importing 

Chemical industry. | 
losses are over $5-billion per 


Phis should be 
utilization 


in important market 
ement 


product 


Sponge 
yield 


hown marke 


from sponge to 


dimpro 
ition on a con ill 
responsibility ft 
il be assumed b 
Scrap recovery 
laborator 
will bring down price 
Improved processing 


eparation and reduction ade el 


Imminent 


pment 


en careful con leration in 


must be wi 
expansion plans 


Specification irrent 


changes. ({ 


pecifications are probably more strin 


vent than necessat I} mitist he 
erifed through ¢ 
Price. I hi | i 


tity and quality Most 


Apere nee 


funetior 


ted wil lw 


letermiut 





Nuclear Techniques Will Aid 


International Geophysical Year 


Here's a glimpse of a program of world-wide geophysical research 


and of how nuclear techniques will be involved 


By SERGE A. KORFF 


A 


Physic “ De partn ent 


THe INTERNATIONA ( nature of the additional radiation that 
Year (IGY) is actua il nol eaches us from the sun at the times of 
period, from July 1, 1957 tl l of listurbances on the solar surface We 
1958, during which scienti world ispect that this is a charged-particl Cosmic-Ray Program 
over have agreed to make vel idiation, and we know qualitatively An illustration of the kind of coor 
ordinated series of measuren , it produces many important nternational effort 
order to study many natu: | f ( Sut the details of the mecha nned tor the 
ena This IGY follow if y nism and the many complex interrela osmic-ray progr 
the International Polar rf ns have not yet been made clear basic problem 
early 30's It has been expar I O gain an understanding we must iround the ge ical 
cover the entire world, and rep idy the phenomena as individual osmic radiation, rather than mic: 
the first world-wide coordinated i ibjects and also as interconnected | phenomena 
on the fundamental robl of tl occurrence l'o get an ade juate pi energy nuclear pl 
physics of our environmer ture we must make these studies on he problem 
gether a much larger operation that vorid-wide scale, for the fragmenta: 
the previous one and repr n ul knowledge available from an one 
effort in which perhaps o1 red nation may prove of little value 
million dollars will be s) forr misleading H 
the world over Some thirty-five nation 
A total of fourteen differe: | ready signified their interest 
plines are at present iy i] part in this work Natu i 
these are fields in wi 1 comp ontributions of the nation 
understanding nece tats Wi eyual, for some nations are 
study, for natural phenomena rT ituated to study certain 
respecters of political | ndari or example the zone of 
Such fields include among « u iruroral frequency passe 
world-wide studies a orolog ska, Canada, and Green| 
aurora and = airglow inograp oo far north to pass 
seismology, cosmic ra mospheri in France, or Russia 
physics, solar physics, geomagn intries with quite small pop 
glaciology, and gravity measuremer ich as Norway and Sweden, ther 
To understand these phenomer il pen to be specialists in certain branches 
their complex interrelatior | ho enjoy world fame as the leading 
be gathered from all ove: vor persons in their fields here will 
For example in metes ‘ ‘ 1 ordingly be more intensive efforts in 
not today know whether ther ertain fields In addition, a 
stantial and massive movement o f expeditions are contemp! 
across the equator \ ! he Kal er otherwise understaffe 


ple, we do not know n hou example, important assi 
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and which will all la 
data in 


to do this 


the 


der two 
of instruments have r 


These are, first a 4 
and second, a il 
cubic design “ 


he 
in order that every is 
of \ 


as large o1 is 


e the same angle 
build 
nstrument iis 


Thus 


‘ meteorological 


ould 
his budget 1 
corrections ce 
oK out into space through Ct 

olid 


il data is required, as one 


ingle 


tion 
i coefficient involving the I 
The Oo 


bn h 


layer 
ol lead 


and thus i 


100-millibar 
s 10 em 
ol counters 
hard component ol the rm 


the soft component, a I 
neutron monitor has been = d 


This 


inters 


consists of a set ol li 
inside a paraffin t 


together with a necessary W 


rec equipment S 
already t 


are to be built ( 


ording 


’ these monitors are 
ind others 
|. Altogether it is hoped = 
network of these and the 
telescopes 


both latitude 
distributed 


son 


vorid in and 


Those in a ( 


| give us information about I 


pectrum of the 
at 


while those the same ! 


World-Wide Tracer 


The diatrih ition of 1solo pes prod iced 


the International 


and LILLE TL aE ly ral 


Also, althou 


un 


tudied 
the 


neu 


of the ocean floor 


oe mixed because of its long he 
y { 


effect in the rate of production of the coamu ray? rov 


This 


orld distribution of tritium wi 
J, 


of the radiocarbon itself 


"” ith shorter ut appears ] 
in the 


je 1a 
world distribution 


riationa 


liu mll in due course prove to 


ej is radvcarbon but probabl yin quile a diffe rent aet « 


“ia 


great deal which we do not know today about the distr 


he possrble lo use tritium to study the movement o 


ihle glaciers Contamination with 


any in the Southern he mis phere 


ably ¢ rpanded and inte grated measurement } a 


peapons lesta during the IGY « 
u d {namics and she d light 
of the \ orthe rn and Southe rh 


4 ir 
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a stand tel 


radiation 


ill cubes will use e\ 


which is to be made is 1s 


put 
distributed scribe 
ing 


incoming hoped that a< omprehen 


{ al 80 he 


ila extent being onl {/ vague l 


will 


of 


titude | ongitudes 


l us abo irrival 


Impact zones 


hus it will to see whether 


impact Zone 
thus 


the 


an fol 


the 


e 
ound deduce 
hether the 

emitted from t! in is 
tor to be studied 
the 


this dept nds the 


radiation 
large or small 


nother Import int la 


the ol 


long constancy 


tor Ipo 


wiiation 


iluation§ of long-term terrestrial 


mpsmic-ray eflect ich as radio 


irbon dating, of great importance ir 


fadiosonde = archaeology 


! other 
will 


KnOOWT 


addition equipment 


now 


ul‘ 


in ration continue 


his includes vell network 


{ Carnegie ionization meters, which 


ccellent sum 


Nat 


used 


itip 


ave now been g pane 


for 


Ww angle 


miry near twenty veal 


} 
tele pes Nii ilsco be 


hese are m tandardized in angle 


w different ang ire required for 


peciie problems in certain 


Ope 


proposed 


iffering 
ititudes 
he 


ill be used 


(othe deep under 


ground rit and 


atellites. A 1 program | 
he earth 


arry Cosmic-ra If the plan 


itel ehicle will 


i by tl COSI ray group is 
de 


sweep 


POPOSset 


into effect. tl llite will 


pole to-pol rb thus 
latituce 


ire les the « irth 


each time it 


the 


out a range 
earth will 


orbit, it is 


sine 


otate under the ine of it 


e map of the 
will be ob 


ncoming cosmic radiation 


Studies for IGY 


by the COB wunill hy in 
bea 

uable dating too pill be 
gh (as Libby ha 


uf life 


‘ rample 
used 
the Lsolo pe 


Geophysical 
in 
there is ¢ altitude and 
ind hence 
IG) 
in this 


and intereat 


af uly will be in program 


studied ince Cam 
yrobable that many ne 


found ly 
short-t ‘ 


will he deed iti hoped 
dating tool, as 


There 


of tritium 


he a good 
dv 
pution 
ocean watlera or 
h teat 
whether 


triliu from bow 


We ot knou 


man-made 
/ I nown 

il from any 
ould le ad lo better 


nde landing of 
on the question of how e: 


lenaiwely 


hanged 


emis phe Tes 18 €Lt 


both in latituctk 


this 


tained 
Analysis of map 


the yeomagnet theo! motion 


of charged particles in magnetic fields 


will give the incoming pr 


trum in energ\ ind po 


sidiary measurement 
is well 

In addition to thi 
servations with standard) 


ments, which are thus on a wo 


intercomparable basis, ther 
set ol 
light 
problems, for which only a few observa 
there 
olved 


flight 


be a observations designed 


throw on one or more pecial 


tions are required For example 
are many problems that can be 
by a small number of balloon 
yned equipment 
Im the 
to 
flight 
In some 
cases the problem can olved b 


flights at se 


carrying specially ce 
majority of 


to high elevations 


no need reps il 


the 
the 


there is 
utter 
to 


CAsSeCs 


se TICS initial have 


inswered question 
tn 


making simultaneou veral 


separate latitudes, For example, much 


light is thrown on the energ pectrum 
ol the Incoming radiation if it is po I 
ble to ou flights il 


three latitudes 


simultane 


different 


h ive 


or tour not 


differing too far in longitude Such a 


set has for example been discussed for 
tations at Thule ( ind New 
York, and Puerto Rico; or at Churchill 
Manitoba, ¢ lexa !’ 
Peru Fairbank 


Hawa ita 


mreen 


“hiwein iain 


Alaska 
wri the 
of For 
the most important 
1GY 
Henes 


ition 


irom 


to 


and or 


ead slong 


and 


1OOth longitude 


meridi if 
these observation 
concerned 


it each 


feature as far at the 


is prompt publication 
he 


meeting, publi 


ind itt ha 


international 
been stressed 
that all observer vill make every 
effort to publish as quickly a 

All over the 


simultaneously cont mpl ilu 


wreed 


Deen 
" 
possible 
ure 


iin 


world observation 


bemg 
ted discipline 
et 


a number of interconnes 


i central clearing house is being up 


for the data; standardized equipment 


is being used so that the observation 


will be intercomparable, and the mea 


urements are being mace it ire 


upon times and place Sol 


ind other disturbances 
warning 


patrolled, and 


tions netwo 


commun 
World Days 
of 


will 


ure ignate 


Ly pes observation 
follow warning 


In thi 


Amount of ne 


others 
intervals manner 
that a vast 
data will be 


accumulated 





CRISIS: Nuclear Education 


continued from page 2) 


the peaceful atomic en 
And always looming in the 
is the spectre of the 
scientific training 
where 31% of 1954 
engineers, a8 against 
the U.S Total figur 
disturbing: in 1954 | 
54,000 engineers and 
U.S, 23,000 

The educational cr 
of quantity but of 
H. G. Riekover said r 
mit that the present 
adequately trained,” | 
but a small number 
graduates lack proper 
(Also) they know mar 


not learned many pring 


Opportunities Available 
NUCLEONICS present 
review of nuclear e 
tunities available in tl 
Governmental — \I 
struction ts to be four 
laboratories, because 
both the big, cost] 
by the new science 
built and can operats 
schools exist 
The Oak Ridge Schoo 
Technology (ORSORT founde 


12-montl course 


1950, gives a 


cluding classified information for 


| S. citizens ha 
Applicants must be 
AKC or one of it 
other government ag 
service or their contr 
dustrial firm with an 
in reactor development 
able by the last catego: 
Deadline for applying 
session is March 12 
The School of 


‘ 


and Engineering (SNSI 
founded in 1955 as part 
for-Peace program, pre 
Classified material; 30 « 
the first 7-month cour 
October, and 45 of 66 in 
course begun in November 
As one of the aims of S> 
mote friendship between 
atmosphere is deliberat 
petitive; students are 
Foreign students must 


their governments, Ameri 


52 


nuciear engineering 


own companies Tuition 
Work is on three level 

iwhelor’s degrees, of mas 
ind more advanced stuce 
planned to increase enroliment 
n 1957; 250 in 1958; 500 in 1959 

AKC makes available number 
fellowships for a year o 

industrial hygiene 
Pittsburgh University 
ogical physics 
Brookhaven National Laborator 
Vanderbilt U. and Oak Ridge 
Laborato or at Washingtor 
Hanford 

AKC also offers on-the 

the national laborator 
perienced engineers ind mentist 
Industrial firms and ernment 
wencies contract to have 
of their ()-cleared emplo traine: 


isuall lor one yea! Che traimec 
iwned to a research o1 


project most closely fitting hi need 


ind works as an active participating 


member of a lab team; he 


his skill and industrial experience, and 


quires the know-how and technolog 
inique to nuclear energ itilization 
At present there are about 200 suc 
trainee 
Finally 


iboratories offer specia 


from 90 organization 
ome ol the 

ourses given by staff men 

members of nearby unive! 


eX imple Argonne recently wii 


National 


deve hopmer t 


contributes 


n reactor engineering, computer pro 


ramming, radiation biolog oentifi 


Russian, heavy-metal chemistry 
wecelerator problem 

University — According t 
estimate, about 175 of the LOOO 


recited | S. colleges and universits 


fler some form of nuclear instruction 


uch as modern phys 


hemistry, or safe handling 


otopes Less than 50. however. offer 


i real graduate program in reactor 


ience and engineering Another su 


( hows that North Carolina State 


ind lowa State offer nine 

MIT 8 

Naval Postgraduate School 

Calif 5; Columbia 

nd Tennessee 4, and some 

t one to three courses 

North Carolina State, Penn 
Michigan, California and MI 


uilt or are building research reactor 


uur of them in reacto 


ntained an 
it Oak Rid 
wiates lor 
in get AKC 
‘ researt 


Joint Programs 


on-the 

courses pern 
rular industri 

i Ph.D. in reactor engineet 
At Hanford, General | 
cooperatior the Un 

Idaho and W 


ngton 

ishington 
on is offering s7 v vwiuate cou 
technolog 


Short-term or part-time courses 


Phe number o ialized short cc re 


r imiph il thie 


York area, NY| 


il School 


Postg! win 


together 


ntroductor 


ik WOOK 
General Hospital 
ion with AKC, | 


ed 


1944 
pecialize 


radiol 


courses for en 

mental 

(,ener 

Klectri 
The demand 
hour lectures 


urs to engineers 
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New men 

required 

annually 
4,000 


New men 
required 
annually 





isors, Clerical help 
es ol employees has 
it is being given 
promises to run 


getting into 


ire also 
oth the Boilermakers and 
& Pipefitters have train 
inder wa 
has for 


ALC 
conduc ting 


Teacher 


e Hbeen 


training 
retraining 


ourses at its laboratories 


faculty members, who 


research ind development 


regular employees either 


immer wations oO! sab 
Regional conferences 


m study 
About 250 faculty mem 


ourses are also 


cipating in these program 

on Ak( 

er establishment of an 
mer institute at SNSI 
engineering teacher 

Ah the National 

on, the American 

g Education 

sity, the institut 


announced 


ind 


engineering facult 
nuclear science 
hold 


lor sience 


teac! 


| 1 
| LLk0O 


two one 
teachers 
for secondary school 
| teachers 

itself 


burden of 


to carrying 


r gned 


training or re 
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ENGINEERS FOR 
ATOMIC POWER INDUSTRY 


Total required 
for the industry 


J 1 
1965 1970 


training college instructor nuclear 


technology, for the next five vears at 


least, in its oO vn 


iboratories 


The Six Megabuck Program 


AKC is 
to ¢ 


As this goes to | ready 


ing for presentatio ongress an 
expanded prograt ud to education 
It calls for an outl in 
$6-million whi ould 


formal 


fiscal ‘57 of 
include both 
fellowship aid study at 
universities ha ig ilear engineering 


courses, and universities in 


ste h as (x 


he it 


cequiring capi Tncilitie 


ponential re truments 


transfer loops e funds must also 


cover cost ol ipl ng and fabri iting 


fuel for exponential piles such a 


NYI 


is meeting ORSORT 


pickle-barrel reactor, as well 


‘ 


ind SNSI opel 


ating expense If Congre appear 
Al will continues 

but it is 
don't 


the con 


willing to go 
this type of 
treading wat ty we 
want to get 
trove! ove | | aid to educa 
tion Also iware that money 
what 


staff 


alone cannot se th problem 


with the bottleneck in teaching 


What Else Should Be Done 


In i 
Thomas \ i | Foundation 
Admiral Rickover ule some 


pungent before the 


concrete 


Total required 
for the industry 


80,000 


, 
70,000 


60,000 


50,000 


40,000 


30,000 


20,000 


10,000 





recommendation m meeting the 


® Increase the 


eral 
funds for education 
national im 


than 4% on 


we spend 245% of the 
come on education, more 
recreation 
© Tackle 
140,000 qualified 


the present hortage of 


teacher by paying 


higher salaries to attract more and 
higher-caliber people 

® Increase the length of the 
Industry effer 
1SO-ca why should 
our chool 4 \ 


school en, vould in the 


chool 
eal cannot operat 
tively on a 
we think 
210-day 

valent of 


ivailable before college 


equi making two additional 
ears 
© Set up two kinds of h 


igh school 


higher standard Prue 
not 
hold back the qualified; it do 
vial the 


velop hi i to the 


one having 


democracy does require that we 
require 
that we give each indi 
tunity to ade 
fullest 

© Industrial 


own ( 


Oppo 


hrm pot it thew 
thei 


X Pe rine TrianKe allatole 


ientists and engineer lor on ent 


periods to teach in our higl chool 
colleges and universitu 
© Industry can also 


to ecluc 


Thiline hinan 


cial contribution ition rather 


than scholarships and ‘‘on a consider 


| | 


ibly larger seal than wm done at 


present perhaps a8 a percentage of 


grose snles wm a legitimate operating 


expense required for the future good of 


the busine 
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CROSS SECTIONS 





Voltage Calibration System 


for Pulse-Height Measurement 


By W. A. RHINEHART and 
D. J. ZAFFARANO 
Inatitiute for Atomic Ie 

and Department of Phy 

lowa State College 


A mes, lou a 


Accurate calibration 
measurements of elect 
are needed in experimenta 
search. This is espe 
electronic equipment 
amplify or treat voltage 
varying in amplituct 
amplitudes must be pre 
accuracy of experimental 
this type is affected b 
which the linearis, 
equipment used #an 
This includes equips 
cathode follower um pli 
tors and pulse-height 

The system describe 
vised to provide a conveni 


rate means of determu 


non-linearities of pulse equiy 


of obtaining data for plott 
tion curves of the equip! 

Methods common! 
ing pulse amplitude 
voltmeters, square-v 
brators in conjunctior 
scope bridge circuit 
pulse energies with a 
comparison of so-called 
with unknown pulse 
oscilloscope, The ac 
able by these method 
limited to 2 or 3% at be 
tems are not versatile 
height range, pulse 
polarities 

A desirable system 
one in which a pulse 
measured by COMPArisol 
age Very accurate a 
of d-e voltage are readil 
it is easy to attenuate 
a voltage accurately 
able to use a visual-comy 
so that measurement 
that portion of the 
interest, 


The system describ 
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D-C 
power 
supply 


Decade 
attenuotor 


Unknown 
h 
pulse =" Oscillosco 
source y 


FIG. 1. Voltage calibration system. Os 
cilloscope amplifier must be d-c amplifier 




















with upper-frequency response limit high 
enough to avoid distortion of height of 
measured pulses, and should be capable of 
output sufficient to deflect crt beam 6 in 
or more vertically. Vertical positioning 
control needs suitable range to display 
top of pulse on screen. DuMont type-329 
oscilloscope is used in present system 
Single-pole double-throw switching relay 
sed is operated from 60-cycle line to con 
nect output of d-c attenuator and source of 
ynknown pulse voltage alternately to oscil 


loscope input 














FIG. 2. Procedure for pulse measurement 
is indicated by photographs of oscilloscope 
screen. A is positive pulse about | usec 
wide displayed with normal amplification 
In B amplifier gain has been increased and 
positioning control adjusted to display por 
tion of interest. B is superposition of three 
positions of d-c calibrating line 





To Y-axis amplifier 
' 
To unknown tod 
rt 


voltage ; , ettenunies 
poocers : l ] I Western 
Electrice FOOSwWA O.OSul? & Electric 
a 75-€ 
nti 5M ¥ y 5 
’ a 
Seletron (sete M 
‘ r 
TV yseTee selefron 


iS voit| 6.3-volt 

. ’ 

60~- transformer 
' ' 











FIG. 3. Switching relay circuit for very 
small pulses 


ithode-ray 
4 superimposed image 
ials can be iewed By 11) Us 
ide attenuator, the position 
line is adjusted to coincide 
the portion ot the pulse to be 
ured, Any error due to parallax 
liminated tl method of 
M49risoOn 
pulse heig n volt 
mined by m ng the « 
ym the decade attenuator! 
on attenuat 
may be 


juator dial 


pansion teature ol the vertical 


ction ampiher a noted in Ii 


| 
matching can be done 

iracy limited | the width 
loscope trace comparison 
il deflection of the unknown 


With the equ 


ipproximately 0.1% 


pment descril 
procedure followed is demon 
d by photographs ol the cathode 
creen in Fig. 2. For pulses 

e polarity the same procedure 
wed, onl 1 negative d-c voltage 
d rhe unknown pulse is used 
nchronize the sweep of the oscillo 


stable pattern is pre 


ble of deh 
$0 to 100 ma with 5 
ver supp! 
{0.05 % or be 
of better 
good comm 


vith the 


or negative voltage 
»>ground ce pending upon 
terminal is grounded by 


The voltage need not 


lecade attentuator ci 


on which tl article is based 
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re oo we 7 ee 
'MALLOR 


('nder the microscope, ordinary shielding 
metals (above) reveal voids that seriously 
reduce radiation absorption while 
Mallory 1000 Metal (below) shows high 
density, positive shielding all the way 


through 


(Set predictable radiation shielding... 


with uniform Mallory LOOO 


Mallory 1000 Metal is up to 40°; more efficient than 


™ HIGH DENSITY and superior radiation-absorbing 
to 100 MEV, 


capability of Mallory 1000 Metal extend through lead. It is being used at energy level 
every part of every piece. Special Mallory manufactur for source capsules, “switching” devices and similar 
ing methods give this unique material an internal struc- purposes. Mallory contour pressing permits manu 
ture comparable in uniformity with forged metal facture of intricate shapes to precise dimensions at 
To the designer of radiation shields, this superior economical cost. Mallory 1000 has high tensile and 
uniformity permits calculations based on precisely flexural strength, and machines readily to excellent 
absorption characteristics rather than urface finish 


’ or “typical” values. Safety factor allow- 


controlled 
Vel ige’ 


can be minimized to permit smaller parts and For complete information, write to Mallory today 


ance 
ower overall costs. for Technical Bulletin 6-7. 


Expect more...get more from 


_—- 


In Canada, made and sald by Johnson Matthey & Mallory, lid 





110 Industry Street, Toronto 15, Ontari 
Serving Industry with These Products: PR. MALLORY @ CO. inc 
Electromechanical—Resistors « Switches ¢ Television Tuners * Vibrators 
Electrochemical—Capacitors «¢ Rectifiers © Mercury Batteries 


Metallurgical — Contacts « Special Metals and Ceramics « Welding Materials 


MALLORY 4&2 CO ine INDIANAPOLIS 6, INDIANA 
For information on fitanium developments, contact Maliery-Sheron Titanium Ceorp., Niles, Ohie 


Vol. 14, No. 2 - February, 1956 





three rotary switches of ethod and steps taken to reduce or 


2-cireuit type in additio f I r minate them are 
Helipot for adjusting ¢ wi 


age. A full-scale range 


Instability of the power supply 
This is not a seriou 
to the system i 44 


voltage. 


source 
determines the polarity of pu f inaccuraey 
voltage and selects either ited power supplies are a 


volts to he applied to LCCUTACIECR approaching a stand ira «ce i] 
section. On the 100-volt rang 2. Inaccuracies of resistors used in 


output voltage of the the decade attenuator. These can bx 


be read direetly fror | he y educed by selecting resistors by bridge 
of the attenuator { neasurement to the required degree ol 
ranges the dial reading yh wecuracy and by using resistors of low 


two to obtain the output v y temperature coefficient r} erro! 


attenuator can be et ire ro ‘ n be eliminated complete! f the 


99.9999 in increments of 0.000 


jutput voltage from the d-c attenuator 
sponding to the smallest d ‘ mi tl ictually measured by an accurate 


Helipot dial 
Resistors used in the 


potentiometer rather than reading the 
This is 


more time-consuming and not as con 


oltage from the dial settings 
selected by bridge me 
proximately O.O05% or} enient as using a direct re sding The 


are rechecked after b curacies obtainable by ireful con 


truction of the attenuator isually 


uitable 


the circuit In thie 
IRC BW-type resi 
Any low-temperature 3. The input attenuator of the oscil- 
sistor could be used, how This is a step-type 
The full-scale adjusting 


ters are adjusted to ce 


loscope amplifier. 
ittenuator and can be accurately com 
pensated ¢ Apa itively so that negligible 
and 200 volts, respective o th errors are 


These should 


with power applied and ison o pulse voltages 


introduced in attenuation 


tenuator ratios for the d-c voltage in « omparison 


able warmup period, TI 4. The vernier gain control of the 


of the attenuator must be oscilloscope amplifier. Thi i very 


that the 2.2-megohm inj impedance potentiometer used 


of the oscilloscope chon no rou in attenuator between stage 


loud the attenuator three of the amplifier Be 


A sigma-type 4F-1008 ma ow value, capacitance « 


be used as a switching re negligible for pulses in the frequen 


tions where the minimun range of the amplifier 
measured is 0.1-0,2 5. Frequency response of the ampli- 
i 


is driven by a 6.4-vol M fier, It is necessary that the upper 


former connected to frequency response limit of the ampli 


line: a half-wave selen be high enough to reproduce th 


used in the relay coil cire 0 that tl wulse with negligible distortion in 
repetition rate is 60 ¢ | | cond implitude The 10 
rather than 120 


An alternate circu 


mega 
ponse of the amplifier used | 
r pulses of a fraction of a mi 
shown in Fig. 3, and } il fe » width 6 te aloo nec ; 
uring lower voltage gain of the amplifier be th 
bounce and arcing mi 
pickup and jitter in tl 
pattern, Two mereur 
quired for this applicati 
bridging effect of the me 
can be eliminated 

Pulse leads should be key 
ably short to prevent capacit 
Where po 


p 


ing of the pulse soures 


, 
should be mace 


ble, measurements 
low impedance points in a circuit ur 
test so that the added capacity 
leads will not introduce pulse By RICHARD B. HAHN 

and RICHARD F. SKONIECZNY 
Reducing Inaccuracies a 


l he possible aoure? 


determining pulse he 


56 


present 


maximum gain of the 


at frequencies of primary 
in the unknown pulse. In 
ords the response curve 
I should be reasonably 
to its upper frequency 
requirement is met very well by 
impliher used 
the ampliher 
ince both the 
the InKNOWN signals 
ited the same Consideration 
» above factor places rT 
on the accuracy o 
system 
The minimum signal for which the 


tem is useful is determined by the 


ose iilosc ope am 


her and is approximately 0.1 volt for 


DuMont type-329 oscilloscope \ 


' 


d- preampiliier can he used 

the oscilloscope amplifier 
ind the range extended down 
V¥ millivolts rhe maximum 
with which the calibrator has 
sed is 200 volte 


amplitudes of pulses with 
as low as a fraction of a micro 

yd and as high as several thousand 
roseconds and of either polarity can 
measured tepetition rates below 
hundred cycles per second should 
oided to prevent synchronizing 
ilties due to the 60-cycle switching 
Pulse widths longer than a few 
ind microseconds should also be 
ded as the pulse ith becomes an 
iable part of the 
d This makes it difficult to ob 


switk hing 


i good di play ior mat hing pul 


on the osc illo cope 


convenient Vy using : 
sweep ind matching the 
using the same procedure 


lor pulse 


Determination of Zr’ 


in Fission Product Mixtures 


barium fluozirconate method 
commonly used for determining 
mactive zirconiun Zr® In fission 
ets. In this pro 


irated from other wet ti ! 


edure zirconium 


ipitation as ins« uble barium fluo 


llowed by a final precipita 
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If you are concerned with: 


Reactor development... 
Atomic energy projects... 
Nuclear problems... 


This new data book 
will help you 


In nuclear science and engineering the 
ce of the neutron absorption re- 
Fa 


the boron IsOLOpe is well 


the first time, available data 
ypment of numerous stable, 
iterials have been compiled 
| by Norton in one con- 
eference book 
WOOK 1 tiie "Handbook on Boron 
nd Elen lal Boron’’ a com- 
e of technical information on 
e¢ by Norton for use in the 
field 
| list of the table of contents ‘ 
neutron absor plu ve : ew free Norton “Handbook on Boron Carbide and Elemental 
- Properties of loron’’, is a valuable reference, containing both fundamental 
al grades of horon ind practs il information. Printed in colors with many 
nd tables it will serve asa useful and permanenta Idition 


, d nage le horon car- —_ , 


. 1¢ reference files of those concerned with atomic energy and 

n carbide (carbon, elated fields 

Boron nitride 
my other sub- 
ind illustrated terials to highest purit Cane 

prices rangin in VCC one half mad write to NORTON COMPA y Refractories 

one-tenth of former pric Division, 651 New Bond St., Worcester 

A Quarter-Century of Experience 6, Massachusetts 

\\ on Other Norton 


me 25 years ago Electric Furnace Products 


a result. Norton now produce these ma They are all described in the new 
laras, at Norton handbook kor your free copy 


photographs 


i) laboratories on boron 


levelopment of ol special interest to nuclear engimees 

ce, the hardest ma include ALUNDUM® fused alumina, CRYS 
mercially Nor rOLON* ilico 
NORBIDE wear nesium Oxia 


TASIVE have been relractory 
2 


ve been efactony REFRACTORIES 
ron Carbpice li CSsice in c } Tt I ; 
ee Ao -eagheny tong setractony 3 | Engineered... | X. .. Prescribed 


fractories engine d ad pre crtbed for 


; 


evelor ment has been _the wide i e of entional — Qlaking better products 
the quality, increas- tions these | eu ilerials are 
increa ior to make your products better 


ind reducing the finding many new iable uses im 


rit cit d ‘ ! c cr y pore 
i-rich pro lucts. As atomic ener; *Trade-Marks Reg. U. S. Pat. Off. and Foreign Countries 
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TABLE 1-—-Effect of Carrier Weight on Self-Absorption of Beta Activity 


Zire onituin 


carrier (img 





tion with cupferron 1 te rocedure is a 

zirconium dioxide . Add 5 mg of zircor 

weighed and counte: rcony! nitrate solution 
This method give a litric acid in a Lusteré 

tions from other act Ol tu be Add a known 

disadvantage lies in tl of « radioactive solution to 

ron. Cupferron (2 » ml of 27N (conc.) | 

salt of nitroso pheny! |} mM ind mix thoroughly 

is unstable in water I 2. Add 0.25 ml of lanthanun 

must be prepared fre 


must be stored unde 





The cupferron-zirconiu ~ 
TABLE 2—Zr*® Determination by Cup- 
Because of these disadvantag ot] ferron and Mandelic Acid Methods 
reagents were con lL Man Beta Count*) ee 
roid tube twice 1 l-mi portion 


s to 


bulky and spatters bad 


acid and its derivat med 1 agit 
rn ee a r and add the 

promising. ipferron 1 
cpm ition in the glas 


Kumins (3) showed i deli ‘ Ke 


acid was a specific preciy Stir and he pea th 

nium, He devised a pi lure for d ove a0) C for at 1) aa 

termining zirconium in tl } oO eg eygere 
various interfering me! 

ninnk and Ostroumo 4 1¢ ne i . t ghed = ates Pape disks 
under controlled condition . : Agr rsch funnel. Wash with 10 ml 

conium mandelate preci; ould b 97 2 61) 7 stl : 1 Sec : xe 
weighed directly with gniti 3.733 ae ey 2 ” ; ae 
the oxide Zirconium mandela 2 . ( eo z yt alcohol and final 
is a dense, crystalline precipita v4 ; wee Cwo Sa orbvare of ethyl ether 

sails Miia aud wesbod j rransfer the precipitate and filter paper 
: . J to a tared watch glass and dry un i 


} 


readily mounted and c¢ lin dic : 
m y noun a I if lamp for about » min We Tal 





metric analysis 
‘ then mount tor counting 





Modified Procedure TABLE 3-——Zr*® Determination by Cup- 


By substituting man acid | ferron and Mandelic Acid Methods 
cupferron, the following modifi Ol Gamma Count 
of Hume's barium fluoz 


Reagents 


Zircony! nitrate 
ium nitrate 
dure was devised Phe 

are essentially the sar 

by Hume, with the « 

volume and weight 

only about one-fourt 

modification was nece 

self-absorption of the beta 

the final precipitate 

mandelate. Five m 

nium carrier gave 


(See Table | 
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rN 240 gm 
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Weston 
Mode! 983 
Oscilloscope 





Model 983 is a high gain, wideband Oscilloscope designed to accurately 
reproduce waveforms comprising a wide band of frequencies. High sen- 
sitivity of 15 millivolts per inch RMS makes this “scope ideal for — 
SETTING RESONANT TRAPS...SIGNAL TRACING IN LOW 
LEVEL STAGES...AS A GENERAL NULL INDICATOR... for 
PHASE CHARACTERISTIC MEASUREMENT IN INDUSTRIAL 
APPLICATIONS...and forSWEEP FREQUENCY VISUAL ANALYSIS. 
Che ‘scope contains identical vertical and horizontal push-pull amplifiers 
with a choice of AC or DC coupling without affecting either sensitivity 
or band width. Both amplifiers have compensated step attenuators and 
cathode follower input. /t has excellent square wave reproduction with 
overshoot of only 2 to 5%, with a rise time of 0.1] microsecond. The 
‘scope response is essentially flat throughout the specified range of 4.5 mc 

and isable to 6 me. 
[he unit has provisions for internal calibration, internal phased sine 
{ Z-axis intensity modulation. Reversal of polarity of both horizon- 
! vertical signals is easily accomplished by means of toggle switching. 
replacements are non critical, and etched circuitry facilitates quick 

and rapid maintenance. 
The Model 983 Oscilloscope is now available through local distributors. 
For complete literature write WESTON Electrical Instrument Corporation, 

614 Frelinghuysen Avenue, Newark 5, New Jersey. 


WESTON Yuin 
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WAVEFORM ANALYSIS 


Response curves accurately displayed 
ideal for use with Weston intensity 
morker display. A fast, retrace sweep 
circuit with cathode follower output 
prevents pattern distortion 


SQUARE WAVE RESPONSE 


Overshoot is only 2 to 5%. Rise Time 
is 0.1 Microsecond, Square wave de- 
picted 250 ke 


PHASE MEASUREMENTS 


Phase shift between horizontal-verti 
cal amplifiers, 0-500 ke-O , to 1 me 
within 2°; by internal edjustment 
with guin controls at max 0 phase 
shift possibie on any specific fre 
quency to 6 mc 


RESPONSE CHARACTERISTIC 


Note flatness throughout specified 
range; to 3.6 me down 1.5 db, at 4.5 
mec down 3 db, at 6 me down 6 db 











Industry’s 


j 


newest 


HARD, BRITTLE MATERIAL 
—SURFACE FILM REMOVAL 


Harnessing the cutting action of an 
extremely fine, ultra high speed gas 
propelled stream of abrasives, the 
S.S.WHITE INDUSTRIAL 
“AIRBRASIVE” UNIT provides a 
practical way to cut, shape and 
abrade hard, brittle materials and 
to slice through extremely thin sur- 
face coatings. 

It’s ideal for controlled removal of 
minute amounts of material such as 
trimming resistance elements on 
printed circuits—cutting helical 
bands on deposited carbon resistors 
—or shaping delicate crystals 

BULLETIN 5411 has details 


Write for a copy 
mm, 


S.S.WHITE INDUSTRIAL DIVISION 
Dept. 9, 10 East 40th St., N.Y. C. 1 
Western Off 
1839 West Pico Bivd., Li 


INDUSTRIAL 
“AIRBRASIVE” UNIT 


NaOH dissolved in distilled w er mil » of “pris 


ike | liter of sol 


Nb** and 
utior 1 } i ss than 100 
is the method 


Discussion ( sed for determining zirconium 


The procedure was té of the ctivities. 


adentical amples 


teaser bh p-Bromomandelic Acid 
en previot =} | 

mg/em* 

ed tor beta ¢ 
Table 


method 


data iti 

1elic acid 
omparable to those obt 
ipferron method ibsorption 
A second series of sample v 1 t arti ) precipitat 
vhich the gamma 
Table 3 
| G-M tube and sealer 


counted a 


The gamma counts obtained 


indelic acid method were 6 


lower than those obtained by the cup eee 
ferron method. No suitable explana 
tion can be offered for this discrepancy 
rhe mandelic acid method, therefore, is 
es made by 


not recommended for ana! 


yamma counting 


Separation from F.P. Activities 
lo study the effectiveness of separa- 
tion of zirconium activity from othe: 
fission products, the mandelic acid pro 
cedure was repeated with samples con 


taining approximately 10* beta count 


Durable White Coating Improves 


Liquid Scintillation Counters 


By D. E. BANNERMAN and 
R. J, LANTER 

ha ilamos Scientific Labo 

i nive ly of California 


/ llamo Vew Mexico 


We have 
liquid cintillation 


used large (20 
or several years and ha 
rawnh aluminum tanks vy welded the lacque1 
tops and etched inner irfa be M method 
itisitactory hese counts i! a oating ol 
to detect 14-Mev neutro1 


neutrons, and various gam! 


titan 


Application of Coating 
Our liquid consists of 5 gm of tery e method of 
per liter of toluene 

2-(l-naphthy! m | 
ilpbha-N PO per liter ¢ ‘ ne as ; I ( f | | 1 min 
wave-shifter (2 mmerse t olution of one 


icid to three 
bright 


We tried various wall coatings to im oncentrated nitric 


water until matt 


bout | 


prove counter sensitivity (amplitude of rts of 


ntegrated photomultiplier output volt ippears 
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e in distilled water; allow to 
oloration is still present in 

eat first two steps 
e tank with toluene and allow 
blower may be used, but do 
npressor-type air supply in 

because of oil in the am 
nto tank a solution of 1.5 
f Zapon Aquanite clear lacquer 
with 1 part Aquanite lacquer 
Atlas Powder Co.); turn tank 
irfaces are covered; pour out 
for 4 hr; then blow in 
16 hr 

« 2 pints Zapon Aquanite clear 
ith | pint 
nd | Ib 


Aquanite lacquer 
titanium dioxide 
reagent-grade powder, J. T 
tir with motor stirrer for 
ieve good blending 
r mixture into tank; turn tank 
surlaces; pour out excess; 
hi 
for 16 hr in air without 
for 8 more hr with blower 
ind that thin coats are essen- 
good adherance. Due to the 
of the coating, a second coat 
PiO, mixture, steps 7 and 8, will 
the counter sensitivity. A 


it does not help appreciably 


Improvement with Coating 
We measured relative sensitivities of 
ind coated counters using short 

of 14-Mev neutrons 


found were 


The aver- 


Relative sensitivity 


i een found 
ugh, surviving cutting 
ind other rough usage It 
tood over 6 months contact 


iene without peeling. 


ilso has been used to 


VArlOUs 8176 plasti 
in In sensitivity ol 
the coated surtace 

about the 


ad counte 


| 


166, 645 
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EFLO 


sk 


SHEET....ROD.... 


TUBING....MOLDED OR MACHINED PARTS? 


YOU CAN GET JUST 
WHAT YOU WANT 


“TEFLON 2. 


Advantages: 


CHEMICAL 


ELECTRICAL Extremely low power factor 
strength 


Completely inert 


Very high dielectric 


THERMAL Temperature range 
300° F. to + 500 F 


MECHANICAL Strong, flexible 


Weather resistant 
LOWEST COEFFICIENT OF FRICTION 
ABSOLUTELY NON - STICK 


from 


**Made of Teflon by JOHN 
CRANE” has become practically 
a standard specification for parts 
and components subject to severe 
electrical, corrosive, thermal, me- 
chanical or atmospheric abuse. 
Whatever your requirements in 
Teflon . . . sheet, rod, tubing, 
packings, gaskets, bellows, insu- 
lators, sealing discs or non-stick 
parts “John Crane” can 
supply them! 


In addition, you get these impor- 
tant plus factors: complete uni- 
formity throughout, high density 
control, freedom from flawsand rig- 
id adherence to your specifications. 


“John Crane’s’’ complete fabrica- 
tion facilities assure you prompt 
delivery on exactly what you want 

no compromise. If you have an 
entirely new requirement, no 
standard design or procedure 
“John Crane's” laboratory facili 
ties, know how, research and en- 
gineering experience go to work 
on your particular need, 


Now is a good time to put “John 
Crane”’ to test. Contact Crane 
Packing Company today. 


Crane Packing C« 
6449 Oakton St 
Morton Grove 
(Chicago Suburb 


In Canada: Crane 
Packing Co.. Lid 


Hamilton Ont 





CRANE PACKING COMPANY 





OFFICES 18 ALL PRINCIPAL CITIES 





Plastic 
Scintillators 


NEW LOW PRICES! 
NEW X-RAY SCINTILLATOR! 


Rapidly increasing production of Nash 
Plasti Scintillators 


luced 


and Thompson's 


has resulted in greatly r prices 


Scintillators are now available at figures 


competitive with any other producer in 


the world, e.g 


ONLY $46.20 
ONLY $ 7.00 


thick 
thick 


6 diameter x 1 
2” diameter x 1 


X-ray primarily 


The 


for medical use, is * 


new phosphor 


‘air equivalent and 
has a linear response within the range of 
500 KeV to 25 Ke 

Other 


crystals of Potassium Iodide, Sodium 


Scintillators available include 
lodide, and Stilbene 

Nucleonic equipments include Portable 
Dust Sampler, Quartz Fibre Measuring 
Device and 3-Channel direct Microamp 


Recorder 


WRITE TODAY FOR FULL DETAILS 


Nash 


and Thompson 


LIMITED 


Oakcroft Road, Chessingt 
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Production of P_ by Neutron 


Irradiation of Sulfur 


By INGRID FOGELSTROM and TORBJORN WESTERMARK 


ay ion Of Physical Cher f 


} 


piochem 


“Atel VOrKers ih 
medicine have taken a great in 
obtaining P** for the doubl 
in metabolic orga 
Pure P** is also 


lear data can be 


phosphoru 
pound 
ite nus 


accuratel 


Reactor Production 
Until now there has bee: 
production of p% 


the 


which ma 
yreat difficulties in obtaining 


It can be produced in a nue! 


reactor from sulfur by the reaction 


However, ordinary sulfur 


O7fo* 


" p)P 


is 
©» Ol 


the rest 
P32 by 
the 


contain 
iw mainiy S which yield 


reaction S**(n,p)P since 
s about 


active 


section lor tast neutron 


the same for both reactions, the 
hosphorus produced will contain on! 
ibout 1Y Pp the rest P 


Chere are difference 


being 
however, two 
between the isotopes and their forma 
that the 
production of P P 

Kothe 
this 
ile the corre 


0.93 


t ons mivht be u ed lor 


il, € rivit reaction 


reaction being 
ponding 


Mi P*? is thu 


n endothermic 


produced by 
reaction The other 

the isotor the 
being 25 days for P® and 14.3 
these differ 


lifference between 
half-life 
iit lor P 


ences there are 


Owing t 
of producing 
the 


two way 
PP b 


sulfur 1.¢ 


reasonably pure neutron 
either by 


the 


irradiation of 
ah energy he low 


for P 


neutrons, or b 


using neutrons ol 
threshold 
e.g thermal 


energy formation 
ging 
ilfur irradiated with fast neutron 

the fast flux 
much more rapidly in the reflector and 
the 


In a reactor decrease 


does 


in the thermal column than 


thermal flux Therefore, if one irradi 


one ought 


its sulfur ith these places 


compared 


to get a larger amount of P 
to P**, than in the center of the pile 
Thus, in 1952, T. Westermark (/ 

tained a P 30% P 


activity with about 


by irradiation of sulfur near the reflec 
tor of the Harwell reactor 

lo investigate the percentage of P 
n the total P 


ferent places ina 


etivity obtained in dif 


reactor rradiations 


; 


Royal Inatitu 


; 


é of Technology Stockho Sweden 
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FIG. 1 Per cent P’’ formed varies with 
distance from center of Norwegian D.O 
reactor. Circles *are experiments by Nils- 


son (2) 
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FIG. 2. P 
ation experiments after aging to certain 
purities. Irradiations were performed at 
Norwegian D,O reactor 


activity calculated from irradi- 
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FIG. 3. Aging time required for P** ac- 
tivities of Fig. 2 as a function of distance 
from center of reactor, with P** purity as a 


parameter 
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ude in several parts of the Nor- 
DO reactor at Kjeller. The 
btained have been combined 
ilts obtained in this laboratory 
Nilsson (2) from sulfur irradia- 
the same reactor. Figure 1] 
percentage of P** in the total 
a function of the distance 
ter of the pile 
om Fig. 1, P® of very good 
be produced by the irradia- 
ir far out in the thermal 
i reactor However, the 
the total activity of P* 
with increasing 
ym the center of the pile 
r thing to be considered in con- 
vith production of P®* with 
| neutrons is that 8**, according 
erma.x (1), has a very low 
tion for thermal neutrons, be- 
ibout 7% of that for fast neu- 
So if one wants to obtain P™ of 
irity, i.e., containing little or no 
p32 | rradiation far from the center 
of the reactor, the amounts of P*® pro- 
duced will be very small (e.g., 0.0001 
0.0002 we P*/gm 8 of 90% purity, 
when irradiation is perf rmed for one 
month in the Norwegian reactor, hav- 
ntral flux of 7,5 * 10" thermal 
em?/sec 
other way of producing P*, i.e 
wing of sulfur that has been 
ated in the center of the pile, will 
1 reasonable amount of P** at the 
the irradiation, but during the 
for the production of relatively 
the amounts of the isotope 
yme small 
preceding facts suggest that 
Might be places in the reactor 
a combination of irradiation 
fur with a thermal flux that is 
compared with the fast flux, and 
g the irradiated sulfur, a maxi- 
mount of P* of a certain purity 
obtained. The final activity of 
. predetermined purity has been 
ited from our experimental re- 
Figure 2 shows the P*® activi- 
rmed by irradiation in the Nor- 
reactor, alter aging a8 a [unc- 
f the distance from the irradiation 
to the center of the pile for 
ial purities of P* as a 
Figure 3 shows the corre 
ging time for getting differ- 
ities as a function of the dis 
n the center of the pile. As 
the diagrams, there is an 
mum for the formation of 
certain purity at 110-140 cm 
f the center of the pile, 1.e., at 10-40 


em from the inner wall of the reflector, 
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mobility, dexterity, 
reliability, and low cost 
offered in 
new thru-wall manipulator 





Model 8 is the newest in the line of CRL Master-Slave Manipu- 
lators. Central Research Laboratories has assumed the responsi- 
bility of designing and producing manipulators that perform with 
reliability and dexterity, and, as part of this program, the Model 
8 was developed by Central Research under contract with Argonne 
National Laboratories. The Model 8 is a thru-wall design that is 
suitable for intermediate and high-level shielded enclosures. This 
general purpose manipulator enters the shielding barrier through 
an 8!4 inch hole or slot. 

A single operator can transfer this rugged and smooth-working 
manipulator from one work station to another in a matter of min- 
utes. This special feature of the Model 8 manipulator as built by 
Central Research keeps expensive ‘“‘down-time”’ to a minimum in 
high-cost facilities. 

The slave-end on the Model 8 can be completely booted for 
contamination-control, and a great variety of radiation shielding 
systems can be built into the thru-wall tube. 

If you are in the planning stage for a hot-cell, or considering 
an increase in your present facilities, why not call Central Re 
search Laboratories? We would be pleased to extend the benefits 
of the wide experience we have gained from equipping most of the 
installations presently using Master-Slave Manipulators. 


Cent Kut, \avormories, ine. 


Dept. 102, Red Wing, Minnesota 


Protect Plant Personnel Against Radioactivity! 


AUTOMATICALLY 
THE NEW NMC MEASURES AND RECORDS 


AIR MONITOR AIRBORNE RADIATION 


Model AM-3 


on Continuous Chart 


MEETS ALL LEGAL REQUIREMENTS 
FOR PROTECTION OF PERSONNEL 


A mobile, self-contained unit for use 
wherever radioactive materials are 
handled. Provides permanent record of 
radiation levels on continuous chart. De- 
tects high-energy beta and gamma. 
Operates automatically for 7 to 10 
days unattended. Automatic warning 
system. No reported failures of NMC 
air monitors in over | million hours of 

FREE CATALOG field operation. 

Catalog N-8 covers NMI Price: $3,950.00, F.O.B., Indianapolis 

tionary air monitor 


your free copy 
collect 


2460 W. ARLINGTON Ave. « INDIANAPOLIS 18, INDIANA ~ pnone: Liserty 6.2415 


Manufacturer of the World's Finest Radiation Detection Instruments 





USRC 


Sealed Beta and 
Gamma Sources 


Industrial usage demands: 
Rugged construction 
Positive Sealing 
Wear Resistance 
Freedom from Contamination 
High E fh tency 


Nominal Cost 


These characteristics are available to 
you in all USRC sources designed to 
your specifications and incorporating 
such isotopes as H®, C'*, Co”, Kr*®, Sr” 
Ru’, Cs", Pm’, TP, Ra®”, RaD 


for complete data— 


ehySrn send for Data Sheet 20.20 


UNITED STATES RADIUM CORPORATION 


but the final amounts of P* are small 

and the aging time is very long for the 

production ol P* of a reasonable 
rity. 

As a complement to the above ex- 

iments, a one-month irradiation of 

g sulfur has been made in the Nor- 

ian reactor between the outside 

of the reflector and the concrete 

i.e., about 2 m from the center of 

psa 


pile It yielded about 12 yw 


a purity of 27%, which means 

3 wc P* after aging the sulfur to a P™ 
irity of 85% of the total P activity. 

These data are, however, not quite 
omparable to those obtained in the 
other experiments, owing to the differ- 


ent irradiation positions 


Other Production Possibilities 


As seen from the preceding results, 
the amounts of P* produced as de- 
cribed are not very large, and even a 
ilfur irradiation in a reactor with a 
ery high flux would yield small quanti- 
ties of P Thus, for producing larger 
imounts, one would have to consider 
other method lor the production of 
P by neutron tradiation of sulfur 
there are four other possibilities than 
those mentioned: (1) the irradiation of 


] 


ifur with a low-energy neutron 
ource, such as an Sb-Be one; (2) the 
irradiation of sulfur enriched in S**; (3) 
the otopic separation of radioactive 
phosphorus, produced by the irradia- 
tion of ordinary sulfur in the center of 
the reactor 1) the use of the different 
coil energies for P*? and P* as calcu 
ited by G. Nilsson (2) to obtain a 
eparation of the i otopes by neutron 
irradiation 

Possibility 1 is, in principle, a very 


wl way of producing pure | Un- 

tunately, until now, with only very 

ources of thermal neutrons avail- 

ible, the amounts of P®™ that can be 

luced are very small. A 2.5-month 

radiation of sulfur, performed in this 

ratory with an Sb-Be source giving 

uit 1 10° n/sec, yielded only 
ut 0.003 ue P*/ke S 

2 means handling large 

ints of a nonradioactive material 

he isotope separator and irradiation 

he reactor of small amounts of sul- 

while possibility 3 means the irradi- 

on in the reactor of large amounts of 

ilfur compared to possibility 2, for 

getting a certain P ictivity, and 

handling very small amounts of a radio- 

active material in the isotope separator. 

As seen, method 2 has several advan- 

tages over method 3 At present, only 


milligram quantities of moderately en- 
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) ire available 


g etal. (3) have found 

separating nitrogen 

exchanger; this 

ipplied to sulfur iso 

or instance using the 
in in anion ex 
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lnvoralt 


le 

1 put forward by 
Nilsson ; 

d the irradiation of 

idal sulfur, and 
the separation lar 
ind P** as a fun 

f the sulfur particles 
ranges—the P 

fur to a greater 

{ suspension 

rather large volume 
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Practical experi- 
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also might 


ind P 
isotopes 
other methods 


those us 
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in ace ptable method 


reactor irradiation 
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Gas-Cycle Reactors portunitie XK do truly creative 
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aircraste ‘ 


publish a special report progressive organization, you 
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NUCLEAR ENGINEERING 


Heat Transfer in Reactors Cooled 


and Moderated by Water 


By M. ALTMAN 

General Engineering Lal 
General Electric Compa 
\ 


Schenectady ) 


Three separate ce 
rated in every nucle 
These cover the ther 
mechanical aspect 
thermal design are larg 
ated, But incomplet 
of such basic phenomena 
created a serious bottlenes 
power development 

Here, basic problems of 
in reactors cooled and 
water are described to 
signers with these ke frac 
design For clarificatior 
placed on frontiers of 
reactor technology rather 
tailed 


made concerning factors needi 


information Suge 


definition 


Steady-State Conditions 
Coolant water enters the re 

core Heat generated within 

elements is forced to 

coolant water by adri 

proportional to the tem 

ence between the fur 

and the coolant 

difference needed can 


the operating region ol! 


O/A 


where: Q/A 

A heat-transfer 
f¢2/*F; 7’, 
and vs, 

oF 


Inspec tion of Inq 


suriace 


local bull 


heat-transfer coefficient 
ble to use small ter 
ences, There ar 

which high hent-tr 

can be obtained 

high flow velociti« 

on disturbing the norma 
water film surrounding the 
fer surface by allowing 
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At this point 





Temperature Difference $ wy | 











FIG. 1. Variation of heat flux and temper- 
ature difference when heat is removed with 
a high coolant flow (no boiling) and with 
surface boiling 


0 take place Of the two method 
the latter is by far the more effective 
one, but it is subject to disadvantage 
hich will be discussed 

Figure | illustrate how the same 
heat flux can be transported from fuel 
to coolant by the two methods Ir 
the nonboiling case pre ires must be 
high to suppre 
ilues of (7 i ire Obtained b 


iorcing the coolant to travel throug! 


boiling ind smal 


the reactor core at high 
When it is considered 
drops are proportional tk 
quare of the velocity, it 
high heat-transfer coefficient 
pail for by high pumping 
increased reactor heat output 


’ 
In the surface-boiling case 
has been reduced to where the 
tion temperature corre ponds to pot 
surtace 
n (neglecting the problem ol require 
unt ¢ on the 


iperheat From 


velocity has a neg effect on 


Slope of the curve which | ver 
teep It is clear then that the same 
iantity of heat can be removed | 


irface boiling, but at onsiderab! 





ni temperature 
outiet temre« iture 
elocit Zi it eC 


140 Mw; and the 


there he no 


123.000 Btu 

normal heat flu ” calcu 
from the norm neutron-flux 
ibution lor reactors of the type 


discu d. neglecting | effects 


control elemer he mum 
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FIG. 2. Typical temperature distributions 
along length of core 
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COMBUSTION ENGINEERING now building 


NUCLEAR ENGINEERING AND DEVELOPMENT CENTER 


ite in Windsor, Connecticut, Combustion Engineering is now build 


»50-acre 
iddition to the Engineering 


Juclear Engineering and Development Center, In 
ministration Building, shown above, there will be 
the physics and nuclear characteristics of reactor cores, a 


element fabrication plant, together with related metallurgical, « hemical and 


i critical experiment facility 
hot” laboratory 


testing laboratories 
multi-million dollar project, for which Stone & Webster Engineering Corpo 
urchitects and engineers, is scheduled for initial operation late this year 


In conjunction with new nuclear facilities recently placed 
Windsor plant will 


the 


letion in early ‘57 
tion at the Company’s Chattanooga, Tenn., plant, the 
ynbustion 
to design, develop and manufacture 


complete nuc lear power reactor systems 


and shields will be man 


compore nts such as reactor vessels, boilers plug 
ind control rods, will 


| at Chattanooga. Reactor cores, including fuel element 


1 at Windsor. 


nuclear building at Chattanooga includes such equipment as a 15,000,000 


tron for fast X-raying of thick plate and welds; large precision mac hine tool 
yf handling work up to 20 fee tin diameter “ ith wocurack compat ible to those 


lin itchmaking: and cranes to handle loads in excess of 300 tons, A new doch 
ned to handle reactor vessels too large and heavy for rail or highway shipment 
f these facilities, Combustion becomes the first company in the world to pos 
ent espec ially de Siggie d for the manutacture of he reactor component 
ible to ship them by water to virtually all river and coastal ports 
nel at the right reveals the Company’s current activity in the nuclear field 
and others recently authorized 


new facilities now available or in process 


m is prepared to achieve the same position of | 
long oce upie d in the field of conventional power! 


eadet hip in nuclear powel! 


eneration, 


bn 


COMBUSTION ENGINEERING 


Combustion Engineering Building 
200 Madison Avenue, New York 16,N.Y. 


C-E NUCLEAR WORK 
1955-56 


Contract to design, ce velop 
ind build complete nuclear re 
wtor yvstem for a ubmarine 
This contract made Combus 
tion the country’s third major 
contractor ti ALC on the na 
val reactor development pro 
gram, and the first to under 
take such a contract with its 


own facilitic 


Contract to design and build 
major reactor component low 
U.S.S. Seawolf 


Contract to design and build 
major reactor ce nponents for 


large naval surface hip 


Contract to design and build 
major reactor omponent for 
Submarine Advanced Keactor 
and Submarine bleet Keactor 


System 


Contract to design and build 
major reactor ponent for 
Shippingport plant to be oper 
ited by Duncyune ne Light Com 
pany This will be country ' 


first cComnier ial ize hits li ar 


power plant 


Contract to « mand build 

we ore ton ponents for 
Atornbe owe ‘ clopment 
4 mw j ast hreeder 


reactor 0 ) erated hy 
Detroit dison mpany, 1 
regardes t advanced 
type pr cles date for a 
commercta i wer instal 


lation 


of both lara 


STEAM GENERATING UNITS; NUCLEAR REACTORS; PAPER MILL EQUIPMENT; PULVERIZERS; FLASH DRYING SYSTEMS, PRESSURE VESSELS; DOMESTIC WATER HEATERS, S01 PIPE 
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ffic the maximum 


temperature vill occur in the 


the cor Figure 2 shows 


hat the temperature § distribution 

r*) 0 along the core length 
I irlace temperature varies only 
ATOMIC le Ove! ! ion in the center of the 


im half of the reactor: for the 


istrated here the maximum sur- 


temperature ecurs at 


ro 44 the length from the inl 
A N D & end Che local iter temperature and 

the heat flux it this point « in be caleu- 

lated, and the values are: heat flux 


213,000 Btu/hr/ft ( bulk water 


MOLECULAIR temperature 165° | 


lent S100 Btu /hr/ft?/°] 


heat-transfer 


Substitution of these factors into 
j. | results in a temperature differ- 
ence between the surface and the coo 
if 26.3° IT The normal maximum 
temperature ould then be 
26 or 

only part of the 

postulated that the 

n and heat fluxes are subject to 

i] variations It is entirely possible 
iat heat generation along a maximum 
channel might be greater than 
nticipated ilu i i result of such 
factors as distortions due to controls 
nonuniform fuel distribution, or uncet 
in neutron-flux preductions 


restrictions of the heat-transf 





rea might increase heat fluxes over and 
bove these Should all of these ab 
rmal condition Come Ma 


ion and hould this coupler 


poor flow distributi« then it is 




















ry ible that the local bulk water tem 
perature might be igh as 471° | 
ind the temperature difference between 
the fuel surface and the coolant might 
high as 84° | This would give 
possible loca irface tempera 
The Hughe even though 
pioneering in rie oO > wil ly it temper i 
I | v1 my 
research in the fre m wave , » 
oad maiitios The Hughes program will be a IS an 500° F, it is necessat y 
ane / eter ir i 
clock stomic and» sler anal concerned with investigation of atomis urize the ystem to correspx nd 


and frequency standard he i g frequency and time contr I device ituration temperature of 550 ] 


/ / recede d accure and with atomid 
gases, liquid ind , unprecedented accuracy, and u uMome 


ippress boiling at local hot regions 
wunplifiers of unprecedented low noi 


Those wht thi ituation e contrasted to 
in this field 


ces es I iiternative ipproa where 
in One oF more f f win ive : \ Ih I 


RADIO AND MICROWAVE SCIENTIFIC STAPP RELATION , “100 
SPECTROSCOPY 
Gases, liquids and solid HUGHES 
ATOMIC AND MOLECULAR 
BEAM SPECTROSCOPY 


NUCLEAR RESONANCE 


PARAMAGNETIC AND 
FERROMAGNETIC RESONANCE 
ATOMIC SPECTRA WITH EMPHASIS 


OW HYPERFINE STRUCTURE 
Knowledge ” 


ind " 
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Low pressure 


High pressure 


o* 
Ss 

4 
EY = 


Log Flow —> 











lcnatetttiabsieaiiae 
FIG. 3. How flow affects pressure drop 
in a single channel. Power is assumed 
constant 


es are not needed, and the water 
iture rise might be increased to 
thus resulting in an inlet tem- 
ire of 455° I This reduces the 
rate to 70% of its former 
ind decreases the pressure drop 
the core by about 40%. This 
result in either less pumping powe! 
or else smaller piping. The higher 
water temperatures can be used to pro 
ther better steam or to decrease 

ured size of the boiler 
possible use of this mode of 
on depends on: (a) the effect of 
boiling on corrosion; (b) possi 
nger that surface boiling might 
produce density changes large enough 
to affect reactivity and flow distribu- 
tion; (c) possible danger that safety of 
operation might be decreased. These 
factors will be considered critically 

later 


Effects of Boiling 


lr} discussion will be limited to | 


ng that may occur under transients 


much as it affects the design of 
the normally nonboiling reactor 
The boiling curve. Figure 3 shows 
typical relationship between pressure 
| flow through a channel of a 
ore. Point C represents a 
inder which water is forced 
channel at velocity V, with 
drop of SP, As flow is 
the pressure drop will also 
xit water temperature 
use Finally, point Bis 
vhere the surface temperature 
re ituration temperature 
we boiling sets in With fur 
ng of the flow rate, the effect 
bbles becomes noticeable, and 
ops will decrease at a slower 
result of the increased specific 
of the coolant. A further de- 
flow brings the exit water 
iture to the saturation value, 


Vol. 14, No. 2 - February, 1956 


500 cc. ionization chamber may be positioned up to 
100 ft. from operator permitting continuous monitoring 
of high radiation intensity without hazard to personnel. 


NUCLEAR-CHICAGO’S NEW “CUTIE PIE” 


for Beta, Gamma and X-ray monitoring 


This all new “Cutie Pie” provides high speed, accurate 
measurement of beta, gamma, and x-ray field intensities 
—is ideal for personnel protection, industrial radiography 
uses, decontamination procedures, or remote monitoring. 


A large 0.7 mg/cm? window covers the entire end of 
the chamber and permits measurement of beta energies 
down to 50 KEV with good REP calibration. Beta sensi- 
tivity is such that one microcurie of carbon-14 gives a 
full scale deflection on the low (25 mr/hr) range. 


A window shield is provided to cut out betas when 
reading only gammas or x-rays. Operation switch in- 
cludes three ranges to 2500 mr/hr, zero set, and battery 
check positions. All critical components are hermetically 
sealed, assuring highest degree of stability and accuracy. 
Special retractable legs and extreme light weight give this 
unit an operating convenience unmatched by any other 
similar instrument on the market. Write today for full 
information. 


*Gamma ray energy dependence is linear within + 10% 


from 50 KEV to2 MEV. 


nuclear - chicago 


Nuclear Instrument and Chemical Corporation 
235 West Erie Street, Chicago 10, Illinois 
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ROTARY 
SHAFT 
SEALING! 


To the advar ng fie d of 

and the prac 
tical application of atomi« SEALOL cor 
tributes 15 yeors of experience with the ORIG 
INAL BALANCED PRESSURE 
SEAL 1000” shoft sea ”, res 


only 1.626” radial and 53 sxial 


limited space 
eg.-a 
spoce 


if your present or future sealing needs are not 


covered in the following tabulation, request 


complete data (Bulletin 7) <« 
tions for YOUR partic 


nd recommenda 


jlar probler 


“SEALOL" — Sealed Fuel Pumps 


36,000 RPM ¥/, 
3,500 RPM ¥/, 


Shaft 200° F 
Shaft 150° F 


300 PSI 
Aviation Gasoline 60 PSI 


Kerosene 


“SEALOL" — Sealed Hydraulic Pumps & Motors 
1,800 RPM 11/4" Shaft Room 
Temp 


Shaft 200° F 


Ucon Hydraulic 
Fluid 


Lube Oi! 


1500 PSI 


11,000 RPM 2'/, 20 PSI 


“SEALOL” — Sealed Gear Boxes & Speed Reducers 


6,800 RPM 5 
16,000 RPM 1'/, 


Shoft 125° F 
Shaft 150° F 


Lube Oi! Atmos. Pressure 


SAE 10 20 PS! 


“SEALOL" — Sealed Agitators & Mixers 
60 RPM 2%/,"° Shoft 350 Atmos 
Pressure 


50 PSI 


F Steam and 
Hot Air 


300 RPM | Shaft 450° F Acetone Vapor 


“SEALOL" — Sealed Gas Turbines 
15,000 RPM 1%s'' Shaft 300° F 
7,700 RPM 5'/,'' Shoft 356° F 
53,000 RPM | Shaft 350 


65 PSI 
2 PSI 
350 PSI 


Alcohol Vapor 
Lube Oil 
F Oil and Steam 


"SEALOL"' — Sealed Compressors & Super-Chargers 
3,024 RPM 3'/,"' Shaft 250° F Oil Mist 1V/,' Wg 
and Air abs 

F Oil Mist 19" Hg 
and Air obs 


70,000 RPM /,"" Shaft 230 


Also 


steam 


dynamometers, drill press spindles 


compressors, oscillating dryers, air 


chucks, natural gas flow meters, rocket fuel 


oxidizer applications, and many others 


SEALOL CORPORATION, 

207 POST ROAD, PROVIDENCE 5, R. |. 
New York © Philadelphio * Cleveland * Chicago 
Norfolk . S?. Louis 
Konsas City * alles * Houston 


Charleston (W. Vo.) . 
New Orleans « [ 


Tulsa * Los Angeles * San Francisco * Seattle 
Montreal 


Frankfurt 


Edmonton ° Toronto . 


Manchester CEng.) * Paris * 


tHe 3 BALANCED PRESSURE SEAL 
Ea 


ind bulk or net boiling sets in at point 
\ Additional decreases in flow pro 
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The cubicle being checked out here is typical of the 
package” control systems we are now supplying to regulat 


nuclear reactors for education, research, and steam power gen 
tion. No mere assembly projects, these packages are en 
designed, engineered, and fabricated at L&N for reactor 
at all power levels. All include safety and interlock 

for safe operation under all condition 


latest approach to reactor control, this LEN “package” 
result of a comprehensive engineering program through 


we assume full responsibility for supplying you with the 


efficient control system, no matter what type of reactor 

uu plan to operate. Such individualized construction may 

ound costly, but actually it’s a highly economical method that 
! t require customized control circuitry—-only custom a 
of a panel or cubicle “tailored” to fit the specific instal 

Thus you save, both in original cost, and in operating 


klet, “Control Systems for Nuclear Reactor tells the 
tory. It’s free from our nearest office, or from Leeds & 
rup Co., 4936 Stenton Ave., Phila. 44, Pa 
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Control System Includes All 
Safety and Operating Channels 
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Steel for a new privately owned fuel element fab- 
rication facility rising against the sky portrays 
the confidence and intent of private industry in 
this expanding business. The immediate business 
risk in the face of many unresolved problems 
and the sporadic course of events is not insignif- 
icant but only by having faith in the future 
of nuclear energy will progress be made. 

Our present fuel element fabrication facility 





Here's where we started fabricating 
fuel elements in 1952 


in use since 1952 will remain in operation until 
the new facility is complete in the early Spring. 

From among the many types of fuel elements 
and fuel element components we have fabricated, 
we believe there is a type which would be useful 
in your reactor project. May we have the op 
portunity to explore areas of mutual advantage 
with you? 

Send for brochure Fuel Element Fabrication. 


METALS & CONTROLS CORPORATION 
NUCLEAR PRODUCTS DIVISION 
132 FOREST STREET, ATTLEBORO, MASS. 
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Where the conditions are the toughest—where heat, corrosion 
and radiation have made it difficult to write a specification— 
you can depend on finding “Ceramo” thermocouples. The 
“Ceramo” sensing element of this new Thermo Electric thermo- 
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> Daystrom, Inc., announced retention 
Robert LeBaron to assist it in ex 
tory, operated by General Electric Co. for the AEC. nsion in the atomic energy field 
The former de puty to the Secretary of 
Remote handling of radioactive Continuously variable power 
materials is performed safely and and speed controls are easily mas- : : 
easily with the General Mills tered and eliminate many of the if LeBaron Associates, will personally 
Mechanical Arm. restrictions found in hand-powered conduct studies for expansion of Day- 
This versatile unit duplicates or position-controlled mechanisms. 
any motion of the human hand FULL DETAILS on the Mechanical 
and arm; it can assemble and dis Arm are yours for the asking. Write issist in development, manufacture 
assemble complicated machines, to Dept. N-6, Mechanical Divi- ind marketing of equipment for botl 
lift as much as 750 pounds, handle sion of General Mills, 1620 Central 
delicate objects. Ave., Minneapolis 13, Minn. 


Defense for Atomic Energy, now head 
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MECHANICAL Division of General Mills.Ine erdsverk Electrometer Co., 550 


West Garfield Ave Glendale, Calif 
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neutron dosimeters designed for pel 


nnel protection n the vicinity of 


FLANDERS MILL ZZ- —-* “: AIRPURE”’ seostern, ‘She cemigiiny't’ iundend 
T : a model L-29 has been designated by the 
INC. ERS FILTERS military Radiacmeter IM-112/PD 


FOR REMOVAL OF RADIOACTIVE DUSTS > Leeds & Northrup Co., Philadelphia 
Manufacturers of Air Filters of integrity. Specifications: 99.95% efficiency has been awarded a contract for the 
on particle sizes of .3 micron as measured by dioctyl-phthalate smoke 


; hin complete control system for the 1-Mw 
nachine., 


“ . | ivermore Pool Type Reactor by Fos- 
lhe basis of filter efficiency is the accuracy of the test equipment. Our test 


—— ter Wheeler Corp., the prime con 
machine is periodically compared with government equipment 


: tractor The LPTR, to be operated 
No filter leaves our plant without passing these rigid specifications for AEC by the University of Cali 
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SCINTILLATION PHOSPHORS 
PLASTIC PHOSPHOR NE 101 


Now available n 
large blocks up t 
24” diameter and 300 
Ibs. weight. Suitable 
for laboratory antico 
incidence experiments 
and for ultrasensitive 
gcophysical 
ments. Standard 
available at low cost 
for prompt de ery 


instru- 


sizes 


A Available 
1 Phosphor 
Sensitive I 


m Chem 


NE 202 
quid Scintillators 


cals 


Mark VI-A Aerial Survey Scintillometer 
field 


reliability 


I the and unsurpassed for sensitivity 


Write for Bulletin Specifications and 


Price Schedule 


NUCLEAR ENTERPRISES, LTD. 


1750 Pembine Highway, Winnipeg 9, Canada 


#6 for 











GERMAN CAMERAS and special equipment for 
micre and technical photography or for the 
hobbyist Import your own, Save retailers, im 
porters profits. (About 35%). Pay postman duty 
Examples EXAKTA The only completely ver 
satile 35mm camera wit 

Auto. diaph. Zeiss Tessar F2.8 $159 
Aut jiaph. Isco Westanar F2.8 $139 
Auto. diaph. Schneider Xenon F1.9 $195. (duty $26.) 
Auto. diaph. Zeiss Biotar F2.0 $199. (duty $26.) 
Similar all other famous makes. All new 
Latest production in original factory packing 
Parceipost and insurance included. No other charges 
Prepayment through bank and inspection on arrival 
guarantees you complete satisfaction before we are 
paid. Experienced (and objective) advisory service, 
specify interests and requirements), and 
Pricelists by return airmail All transaction on 
moncy-back basis 


WORLDPOST 


(duty $22.) 
(duty $19.) 


prices 
1955 


(please 


TANGIER, MOROCCO 








PYREX* 
For Counting 
4 Marking Area—Cupped Interior 
One inch diameter. Mode ol 
$19.00 per Hundre 
Free Sample upon Request 
PACIFIC NUCLEAR 
5439 Geery %. Sen Francisco, 21, Calif. 


PLANCHETS 


Rodi Leok 
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PLASTIC PHOSPHORS 
FOR SCINTILLATION APPLICATIONS 


Fast Delivery—Competitive Prices 
Technical Information and quotation on 
requirement write 

LARSEN NUCLEAR RESEARCH, INC 
520 Fifth Avenve New York City 


For 


your 








Larger Sizes Now Available 
> ’ 
Hi-D© Leap GLASS WINDOWS 
For use in steel, lead, and concrete walls 
Send for Circular GS-4 


PENBERTHY INSTRUMENT CO. 
430) 6th AVE. SOUTH - SEATTLE 8, WASH 








A COMPLETE FILM BADGE SERVICE 


70) Sale). mee) ahs@ele) 
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RADIATION INSTRUMENT CO. 
MODEL 412 MERCURY RELAY 
PRECISION SLIDING PULSER 
for Precise Calibration of Single 
& Multi-Channel 
Pulse Height Analyzers 


LOMATIK 
MORI 
ACCURATELY 
FASTER THAN 
CONVENTIONALI 
PULSERS 


mines nd At ALLY 


dths | 
z ‘ ! | “ 
Incorporat 
Both Manual 
( ntrol and 


Precision 


Motor Drive 


Simulates Pulses 
from Scintillation, 
Proportional, of 
Geiger Counters 


RISE TIME 
DECAY TIME CONSTANT 


switch 


Less than 
selector 

PULSE AMPLITUDE—Cont 
moximum 

i, 3 


direct 


Ronges 
for 
larger 
POLARITY Polarity 
tive or negative pulses 
CALIBRATION—Self contained 
ndicating vit 


pulses 


twitch §£ 


fone 

balance ‘ ‘ ‘ 
ment 

LINEARITY—0 | O tur col pe 


dial 


tentiometer with 


ond 10 


RPM 


able 


stande } ‘ 6 


SCAN SPEED? 


‘pew 


Price $450.00 f.0.b. Silver Spring, Md 


also ava 


Radiation Instrument Co. 


P. O. Box 733 Silver Spring, Maryland 





GEE 
mercury 
vapor 
detector 


tells instantly when a hazard exists 
in plant or lab atmospheres 


Meter is calibrated in mercury concen 
trations for quick indication. The toxic 
limit is a full-scale reading on the high 
sensitivity scale of Model 23, illus- 
trated. Wt.: 7 Ibs.; size 13 «x 8%" x 
42". Three models for varying ranges 
Write for bibliography on the mer- 
cury vapor hazard, and literature on 
Kruger Mercury Vapor Meters 


HAROLD KRUGER 
INSTRUMENTS 


BOX 164 ¢ SAN GABRIEL, CALIF 








EMPLOYMENT OPPORTUNITIES 


The Advertisements in this section include all employment opportunities—executive, management, technica selling, office, skilled, manual, etc 


Positions Vacant Civil Service Opportunities Employment Agencies 
Positions Wanted Selling Opportunities Wanted Employment Services 
‘art Time Work Selling Opportunities Offered Labor Bureaus 
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an ; J 4 
‘ 
NATIONAL / DISPLAYED —RATES— UNDISPLAYED 


The advertising rate is $15.00 per inch for all advertising $1.0 per line, minimum 3 lines. To figure advance 


{ ‘ j i ' 
COVERAGE appearing on other than a contract basis. Contract payment count 5 average words as a line 
. rates quoted on request Box Numbers—counts as | line 
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Send NEW ADS to NUCLEONICS, 330 W. 42nd %., N. Y. 36, N. Y. for March issue closing February 16th 
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REACTOR ENGINEERS AND 
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NUCLEAR PHYSICISTS 


challenging position leading to ponsibility for technical dire 


Of experience, and 
tion of a nuclear phy rese; available Work on all 
n helping to 


aspects of applied nucl logy I irrently active and 


quire a man with bro 1] l ic} ground Projec ts will be 


associated, in part, with our nuclear reactor facility and are being 


centralized in new air-conditioned laboratories. Send resume to 


INTERNUCLEAR COMPANY 
7 N. Brentwood Blvd. 


J. A.M 
Mr. J etzger Clayton 5, Missouri 


ARMOUR RESEARCH FOUNDATION 


of Illinois Institute of Technology 











i POSITIONS VACANT 
10 West 35th St. 


Academic Position Excellent opportunity for chem 
Chicago 16, Illinois jeal engineer interested in nuclear engineering to 

take charge of a new program this field, and 
participate u undergraduate chemical engineering 
nstructio nd) = research Apply te DOD 5 Cryder 


Deg Cher Eng Pa State j v University 











vania 
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ond experier ° f arthe Y ch 
for for RESEARCH pertinent to ae On ' asthe Ps ‘ _* Bortt “s y, Chief ing 
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Aircraft Nuclear Propulsion JUCLEAR INSTRUMENTA 231 South LoSalle $t., Chicago 4 

A position of unusual professional in LION SYSTEMS 

terest is now open with General Elec 

tric. It involves the development and p 

application of nuclear experimental ri 


techniques and the establishment by while advantageous s not actual! 
experiment of the fundamental nuclear - IV are u i§ Not actually QUICK SOLUTION TO 
properties of high performance reactors nece ary prov ided vou are 
and shields. An advanced degree in . ; , “ 
physics of mathematical physics, plus inxious and able to LEARN MAN POWER PROBLEMS 
several years experience in neutron REFLECT CREATI 
and gamma ray physics is desired 

This work is in connection with the ANALYZE CRITICIZI through the EMPLOYMENT OPPORTI 
application of nuclear power to fight ESIGN , \ - 

a field of extreme promise and impor DI . EXPERIMEN NITIES Section of t p ation The 
tance, Facilities available include a INTERPRET REPOR'| market place for those offer ” wanting 
major analog and digital computer in DISCUSS - o dies pla fering wanting 
stallation, and the environment is well , ving due regard to the s s of men on engineering, techn 
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Publication of research results in the 
appropriate classified or open litera Salary offers, however, will be com - offers a quick effective 
ture is encouraged ‘ qui i 

mensurate with education and ex olution your man power problems, be 


Openings in perience 

Cincinnati, Ohio and Idaho Falls, Idah 

Address Replies to Location You Prefer Please write in confidence to 
Aircraft Nuclear Propulsion Dept 

ATT: W. J. Kelly ATT: L. A. Munther 


GENERAL ELECTRIC = iA ei: NUCLEONICS 
P.O. Box 132 @ Box 535 } UC C)} d 330 West 42nd Street, New York 36, N. Y 
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PHYSICISTS & ENGINEERS 


Opportunities in Thermo- 
nuclear Power Atomic 
Research 


Atom Energy Commission has 
rmed the fact that a team of 
neers and physicists at Princeton 
versity is endeavoring to tame 


H-Bomb 


ssful confinement and control 
f the fusion of light nuclei at tem- 
peratures of several hundred million 
degrees will provide the world with 
1 virtually inexhaustible source of 
power. In order to achieve the de- 
sired goal, the Princeton research 
team is working in a large number 
f fields including Spectroscopy, 
Microwaves, Instrumentation, High 
Power Studies, Vacuum Systems, 
nd Plastic and Metal Research 


J 


The effort to duplicate in miniature 
the energy source of the sun 1s 
directed by Dr. Lyman Spitzer, an 
astrophysicist, and Director of the 
University Astronomy Department 
He is assisted by a small but grow- 
ing group of physicists and engineers 


The work is conducted on University 
grounds in Princeton, a suburban 
ommunity fifty miles from New 


York and Philadelphia 


If you are a Physicist, an electrical 
or a mechanical engineer and are 
ted in finding out about the 
ortunities at the project, you 
do so by sending your resume 
L. H. Laughlin, Box 451, 

, N J 
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open literature 
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Michigan Ave Chicago |! 
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EMPLOYMENT OPPORTUNITIES 
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... the development 
of NUCLEAR AIRCRAFT 
at CONVAIR--Fort Worth 


Progress is being made in the Applied Nuclear 
Field at CONVAIR — Fort Worth — in nuclear 
analysis, design and experimentation, including the 
fields of shielding, radiation effects and nuclear 
aircraft technology. 


As an integral part of General 
Dynamics Corporation's program of 
pioneering in Nuclear Fields, CON. 
VAIR’S activities afford inviting 
opportunities for engineers and 
physicists to enter into Nuclear 
Development at its most 
advantageous stage. 


CONVAIR’S Nuclear Program offers highly rewarding 
career opportunities both by way of professional accomplish. 
ment and personal income. A company-sponsored, in-plant 
program enables candidates to earn graduate degrees in Nuclear 
Engineering. 

Fort Worth in the Great Southwest hos an abun 
dance of sunshine ond dry, fresh air conducive to outdoor 
living ond recreation. Within a few minutes drive of 


Fort Worth are seven large lakes which provide ample 


facilities for fishing and other water sports 


For further details write H. A. BODLEY 
CONVAIR Engineering Personnel Dept. WW 
Fort Worth, Texas 


CON VATIR 


A DIVISION OF GENERAL DYNAMICS CORPORATION 
FORT WORTH, TEXAS 


foRT woRTn 
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NUCLEAR ENGINEERS 


To do preliminary analy- 


sis, design and develop- 





ment leading to the next 


ENGINEERS generation of high per- 
and SCIENTISTS formance nuclear power 
in NUCLEAR POWER plants. 





COMBUSTION ENGINEERING, INC. Siti a 


@ leading firm in the utility and marine nuclear reactor fleld, 


has immediate openings for permanent positions in nuclear 
reactor design, analysis, research and development for A. b. Me Lean 


AERONAUTICAL ENGINEERS 
CHEMICAL ENGINEERS 
MECHANICAL ENGINEERS 
For assignments in heat transfer, fluid flow, thermodynamics 

y NUCLEAR POWER DEPARTMENT 


mechanical desian, stre analy and development of nuclear 





power plants p ‘ 
mia . . ‘ .— : Studeb; CkKard rporatlo 
NUCLEAR ENGINEERS anes aun 
For assignments in reactor core and system design and analysis 
ELECTRICAL ENGINEERS Detroit 32. Michi: 
For instrumentation and control ee 
REACTOR PHYSICISTS 
MATHEMATICIANS 


For theoretical and eaperimental analysis of problems in 


ist Grand Boulevard 











physics of nuclear power reactors 


METALLURGIST 


For high level CAVE work 


A major new reactor project has been undertaken by Com NUCLEAR 


bustion Engineering, with the recent award by the Atomix 
Energy Commission of a prime contract for design, manufacture 
assembly and test of a complete Nuclear Reactor Propulsion SYSTEM 
System, designated as Submarine Reactor Small (SRS). Com 
bustion Engineering will be the first company in the country to ENGINEERS 
undertake the building of ao naval reactor using its own lab 
oratory and manviacturing facilities 
Must be U. 5 Citizen. Replies treated 
confidentially Submit complete resume 

« ( 'p , bu ' *f the otomic 


liberal employee benefits 
Wolf, will 


PERSONNEL DEPARTMENT ibn tilus and Sea 
’ we struction THREE new 


200 Madison Ave. (36 St.), New York 16, N. Y. . 
Telephone: MU 9-4600, Ext. 335 ’ dvancec < »ma a nd 
ctric Boat n Der . qua 


(ComBUSTION | SNGINEERING, INC. 





ELECTRONIC ENGINEERS NUCLEAR ENGINEER 


Junior and Senior Levels 1 one year's experience Oak RB 
The Victoreen Instrument ¢ eactor Technology 
ines for nuclear calculatih 
ELECTRONIC ENGINEER pas Tne, sine — ‘ 
ELECTRO-MECHANICA! aa tGsesinaetaten to 
DESIGN ENGINEER ot ep th i ee. 
nation for other development px ‘ . a2 
NUCLEAR PHYSICISI ctivity problems. To d p Electric Boat Division 
" 0 1S n Ph 
for projects involving : 
mentation development md ¢ " P GENERAL DYNAMICS CORP. 
< i resup alary requ A 
= GROTON, CONNECTICUT 
Address all resumes to: Bari M. P . G. Y. Taylor, Manager 
Chief I ' i ° New London on the nect 
mployee Se ‘ Dey 


THE VICTOREEN INSTRUMENT COMPANY ALCO PRODUCTS, INC 
5806 Hough Avenve, Cleveland 3, Ohie Schenectady —' . 
: « 
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ATOMIC DEVELOPMENT 
MUTUAL FUND, INC, 
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Challenge 

and Reward for 
YOU as a Physicist 
vith CORG 


Above aver- 

age scientists 

find above- 

average re- 

wards on the 

staff of Com 

~bat Oper 

ations Re 

search Group 

and work in a challenging 
new field of interesting vari 
ety. CORG’s staff is small 
(about 70 when complete) 
but vital to the future of com- 
bat tactics, organization and 
weapons systems. CORG, 
working in harmony with 
Continental Army Command, 
plans for the /ong future. If 
you can qualify, your future 
with CORG can be a bright 


TECHNICAL 
OPERATIONS, Inc. 


Dr. F. C. BROOKS, Director 


CORG, Fort Monroe, Virginia 
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NEW § PRECISION 
COUNTING RATE METER for 
RESEARCH 
CLINICAL MEDICINE 
MONITORING 


model 2850 
offers 


10 Wrght Ave. & 











RELIABILITY — al] tubes, diodes, pulse 
transformers and other components 
operate at less than one-half of 
maximum rating. This conservative 
rating plus simple, efficient design 
throughout insures long term, 
trouble-free operation. Some early 
purchasers of the 3300 have ordered 
their second and third units. 


SPEED—-hundred point curve statis- 
tics accumulated in seconds—accu- 
mulates data faster than one million 
counts per minute—tolerates input 
ulse rate without data distortion as 
igh as 5 x 10° counts per minute. 
Formerly tedious, expensive low 
counting rate experiments can be set 
up in man-minutes-—done overnight. 


PRINTED OUTPUT. Mode! 3300 is 
regularly delivered with a pen re- 
cording system. A decimal printer 
may also o provided for rapid tabu 
lation of data which frees researchers 
from mountainous quantities of tab- 
ulating work before data analysis 


begins. 


AIDL 


Magnetic Core Memory 
Spectrometer 
Model 3300 


BI 
PO wn STS 
OO) 


Me, 


— 


\/7 


Oey 


xen 


Xe a X/p 


ONG 


ot 
NX Xl XT 
S37 


t 
. 
. ’ 
; 





INSTRUMENT DEVELOPMENT 


PHL | RADIATION 
7/5737 South Halsted -« 


Xe aot 
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LABORATORY 


Chicago 21, Illinois 


Telephone WEntworth 6-2346 + Cable Address RADILAB 
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exceptional high voltage 


FOR 
SCINTILLATION 
COUNTING 


0.02% per day 


regardless of line voltage 
fluctuations 


Atomic’s Model 312 High Voltage Supply provides a high degree of 
regulation and superior stability over long periods. Drift is practically 
eliminated, resulting in maximum statistical accuracy for successive 
experiments radiation spectroscopy or scintillation 


in precision 


counting 


Front panel receptacle provides either positive or negative high 
voltage output by use of single front panel switch 


For detailed information on the Model 312 and other Atomic High 
Voltage Supplies please request Bulletin 300-1 


COMPARATIVE 
DRIFT CURVES 
OF TYPICAL 
HIGH VOLTAGE 
SUPPLIES 


HIGH VOLTAGE 


————< 


ATOMIC’S MODEL 312 
regulated high voltage 
supply 


SPECIFICATIONS 
MODEL 312 1500 Volt Supply 


Stability: 0.02% per day 

Line regulation: 0.01% for line 
from 100 to 130V. 

Less than 200V. to greater 

1400V. in 17 steps 

1 milliamp, positive or 

negative 

Power: 110V. 60 cycle AC (50 cycle version 
now available for export) 


variation 





Range: than 


Maximum output: 


“RE” Type Regulated Supply 


“ 


“60 Cycle" Type Regulated Supply 


MODEL 312 SUPPLY 





10 12 2 


REGULATED 


4 6PM 


TIME OF DAY IN HOURS 





AC LINE One TT3v + 


L4an— 





VOLTS 


SALES REPRESENTATIVES 
W. A. BROWN & ASSOCIATES ~ Alexar 
Branch Offices throughout § theastern US 
KITTLESON COMPANY - Los Angeles 46, Calif 
s Francisco, Calif Albuquerque, NM 
RON MERRITT COMPANY — Seattle, Wash 
PACKARD INSTRUMENT CO P.O. Box 428 


inka, Virginia 


LaGrange, Ili 
HE RANSFORD 2601 Grant Bidg., Pittsburgh 19, Pa 
CANADIAN MARCONI CO Montreal, PQ 
Winnipeg Vancouver 
Australia, Belgium, Denmar 
Norway 


Toronto 
OVERSEAS 
india, Israel, ttaly, Japan 


Sweden, Switzerland 


ATOMIC 


INSTRUMENT 
COMPANY 


Se i) ae | 





rs by Honeywell 


Special Amplifie 


for reactor control 


AIA Preamplifier wide-band pulse amplifier of moderate gain. Low 
output impedance for feeding long coaxial cables. Small size 
ir neutron detector, or adapted to propor 


to Oak Ridge Model Q-541 


AID Linear Pulse Amplifier for amplifying pulse output of ALA 
Preamplifier. Feedback design gives high linearity, stability 


input pulse. Similar to Oak Ridge 


Log Count Rate Amplifier— measures average rate of a series of 
pulse derives a usable signal from pulse output of the 
inear amplifier NO ‘ aye produce large signal easily 


differentiated to obt period time 


Low Level Period Amplifier differentiates log count rate meter out 


ut t i period signal for safety during startup Inverse 


time dela ule hutdown for excessively short period 


Log N and Period Amplifier combines two functions in a single unit 
Used with ion chamber to produce signal proportional to log 

to feed log power level recorder. ‘This signal is 

period signal, which is then amplified 


Safety Amplifier— inputs for two ion chambers supply controlled 
power to four n nets or clutches, to actuate emergency shut 

flown of a re t (an be interconnected to increase capacity 
on coincidence of high-level flux sig 


reliability and stability 


Cat on Honeywell for consultation it applying these components 
ind related indicating, recording and controlling instruments to spe 
“actor installations. A specialized staff of nuclear instrumenta 
tion engineers is well qualified to work on your problems 
MINNEAPOLIS-HONEYWELL REGULATOR Co., Industrial Division, 
Wayne and Windrim Avenues, Philadelphia 44, Pa.—in Canada 


Toronto i/. Ontar 


REFERENCE DATA: 
~ ts im € a & >7_&t+ 86 
este soa H Honeywell 
Honeywell Nuclear Reactor Control H 
| #08 * 
\ j BROWN Ins TR MENTS 


Tout we Coutiols 





